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SELECTION GUIDE 
TYPE NUMBER SURVEY 


CECC 
APPROVED TYPES 


GENERAL 


TRANSISTOR DATA 


SOLDERING RECOMMENDATIONS SOT-37 


ACCESSORIES 


DATA HANDBOOK SYSTEM 


Our Data Handbook System is a comprehensive source of information on electronic components, sub- 
assemblies and materials; it is made up of four series of handbooks each comprising several parts. 


ELECTRON TUBES BLUE 
SEMICONDUCTORS RED 
INTEGRATED CIRCUITS PURPLE 
COMPONENTS AND MATERIALS GREEN 


The several parts contain all pertinent data available at the time of publication, and each is revised and 
reissued periodically. 

Where ratings or specifications differ from those published in the preceding edition they are pointed 
out by arrows. Where application information is given it is advisory and does not form part of the 
product specification. 


If you need confirmation that the published data about any of our products are the latest available, 
please contact our representative. He is at your service and will be glad to answer your inquiries. 


This information is furnished for guidance, and with no guarantee as to its accuracy or completeness; its publication conveys no licence 
under any patent or other right, nor does the publisher assume liability for any consequence of its use; specifications and availability of 
goods mentioned in it are subject to change without notice; it is not to be reproduced in any way, in whole or in part without the 
written consent of the publisher. 


May 1980 


ELECTRON TUBES (BLUE SERIES) 


The blue efiee of data handbooks is comprised of the following parts: 
T1 Tubes for r.f. heating 

T2 Transmitting tubes for communications 

T3 Klystrons, travelling-wave tubes, microwave diodes 


ET3 Special Quality tubes, miscellaneous devices (will not be reprinted) 


i 


T4 Magnetrons 


T5 Cathode-ray tubes 
Instrument tubes, monitor and display tubes, C.R. tubes for special applications 


T6 Geiger-Miller tubes 

T7 Gas-filled tubes 
Segment indicator tubes, indicator tubes, dry reed contact units, thyratrons, industrial 
rectifying tubes, ignitrons, high-voltage rectifying tubes, associated accessories 

T8 Picture tubes and components 
Colour TV picture tubes, black and white TV picture tubes, colour monitor tubes for data 
graphic display, monochrome monitor tubes for data graphic display, components for colour 
television, components for black and white television and monochrome data graphic display 

T9 Photo and electron multipliers 
Photomultiplier tubes, phototubes, single channel electron multipliers, channel electron 
multiplier plates 


T10 Camera tubes and accessories, image intensifiers 


T11* Microwave components and assemblies 


* Will become available in the course of 1982. 


January 1982 


SEMICONDUCTORS (RED SERIES) 


The red series of data handbooks is comprised of the following parts: 


$1 


$2 


$3 


S4 


S5 


S6 


S7 


$8 


$9 


$10 


Diodes 
Small-signal germanium diodes, small-signal silicon diodes, voltage regulator diodes(< 1,5 W), 
voltage reference diodes, tuner diodes, rectifier diodes 


Power diodes, thyristors, triacs 
Rectifier diodes, voltage regulator diodes (> 1,5 W), rectifier stacks, thyristors, triacs 


Small-signal transistors 

Low-frequency power transistors and hybrid IC modules 

Field-effect transistors 

R.F. power transistors and modules 

Microminiature semiconductors for hybrid circuits 

Devices for optoelectronics 

Photosensitive diodes and transistors, light-emitting diodes, displays, photocouplers, infrared 
sensitive devices, photoconductive devices. 


Taken into handbook T11 of the blue series 


Wideband transistors and wideband hybrid IC modules 


January 1982 


INTEGRATED CIRCUITS (PURPLE SERIES) 


The purple series of data handbooks is comprised of the following parts: 


IC1 


IC2 


IC3 


' 104 


IC5 


IC6* 


IC7 


ICs 


ICc9 


Bipolar ICs for radio and audio equipment 
Bipolar ICs for video equipment 
ICs for digital systems in radio, audio and video equipment 


Digital integrated circuits 
LOCMOS HE4000B family 


Digital integrated circuits — ECL 
ECL10000 (GX family), ECL 100 000 (HX family), dedicated designs 


Professional analogue integrated circuits 
Signetics bipolar memories 
Signetics analogue circuits 


Signetics TTL logic 


* This handbook will be available by the end of 1982. 
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COMPONENTS AND MATERIALS (GREEN SERIES) 


The green series of data handbooks is comprised of the following parts: 


C1 


C2 


C3 


C4 


C5 


C6 


C7 


C8 


cg 


C10 


C11 


C12 


C13 


C14 


C15 


C16 


* C7 is in preparation. Retain C15 05-80 for information on variable capacitors until C7 becomes available. 


Assemblies for industrial use 

PLC modules, PC20 modules, HNIL FZ/30 series, NORbits 60-, 61-, 90-series, input devices, 
hybrid ICs, peripheral devices 

FM tuners, television tuners, video modulators, surface acoustic wave filters 

Loudspeakers 

Ferroxcube potcores, square cores and cross cores 


Ferroxcube for power, audio/video and accelerators 


Electric motors and accessories 
Permanent magnet synchronous motors, stepping motors, direct current motors 


Variable capacitors* 

Variable mains transformers 

Piezoelectric quartz devices 

Quartz crystal units, temperature compensated crystal oscillators, compact integrated oscillators, 
quartz crystal cuts for temperature measurements 

Connectors 

Non-linear resistors 

Voltage dependent resistors (VDR), light dependent resistors (LDR), negative temperature 
coefficient thermistors (NTC), positive temperature coefficient thermistors (PTC) 
Variable resistors and test switches 

Fixed resistors 

Electrolytic and solid capacitors 


Film capacitors, ceramic capacitors* 


Piezoelectric ceramics, permanent magnet materials 


January 1982 


INDEX 


INDEX OF TYPE NUMBERS 
Data Handbooks S11 to S10 


The inclusion of a type number in this publication does not necessarily imply its availability. 


type no. book section type no. book section type no. book — section 
AA119 Sl GD BAS19 S7/S1 BB1O9G Sl T 
AAZ15 Sl GD BAS20 S7/Sl BB112 Sl T 
AAZ17 $l GD BAS21 S7/S1 BB119 Sl T 
AAZ18 Sl GD BAT17 S7/S1 BB130 Sl T 
BA220 Sl : SD BAT18 S7/S1 BB204B Sl T 
BA221 Sl SD BAT81 BB204G Sl T 
BA223 Sl T BAT82 BB212 Sl T 
BA243 Sl T BAT83 BB405B Sl T 
BA244 $l T BAT85 BB405G Sl T 
BA280 Sl T BAV1O BB417 Sl T 
BA314 Sl Vrg BAV18 BB809 | Sl T 
BA315 Sl Vrg BAV19 BB909A_—s S11 T 
BA316 Sl SD BAV20 BB909B Sl T 
BA317 Sl SD BAV21 BBY31 S7/SL Mm/T 
BA318 Sl SD BAV45 BBY40 S7/S1 Mm/T 
BA379 Sl T BAV70 BC107 s3 Sm 
BA423 Sl T BAV99 BC108 $3 Sm 
BA481 Sl T BAW56 BC109 $3 Sm 
BA482 Sl T BAW62 BC146 $3 Sm 
BA483 Sl T BAX12 BC177 $3... Sm 
BA484 Sl T BAX12A Sl BC178 s3 Sm 
BASLL Sl SD BAX14 Sl BC179 $3 Sm 

' BAS16  S7/S1 Mm/SD BAX18 Sl BC200 S3 Sm 
BAS17 S7/S1 Mn/Vrg BB1LO5B Sl BC264A $5 FET 
BAS18 Sl. SD | BB1O5G Sl BC264B s5 FET 


FET = Field-effect transistors Sm_ = Small-signal transistors 
GD = Germanium diodes Sp = Special diodes 
Mm = Microminiature semiconductors T  =Tuner diodes 

for hybrid circuits Vrg = Voltage regulator diodes 


SD =Small-signal diodes 
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INDEX 


type no. book — section typeno. book section type'no. book | ‘section 


BC264C_ = $5 FET BCW61* $7 Mm PS 
BC264D $5 FET BCW69;R_ S7 Mm ie 
BC327;A_ $3 Sm BCW70;R_ $7 Mn P 
BC328 ~— 83 Sm BCW71;R S7 Mm B. 
BC337;A $3 Sm BCW72;R_ S7 Mm Pp 
BC338 ~=—s $3 Sm BCW81;R S87 Mm eee 
BC368 =—s $3 Sm BCW89;R S7 Mm eee 
BC369 $3 Sm BCX17;R S7 Mm P 
BC375 $3 Sm BCX18;R S7 Mm P 
BC376 $3 Sm BCX19;R $7 Mm P 
BC546 $3 Sm BCX20;R S7 Mm P 
— BC547 $3 Sm BCX51 $7 Mm P 
ae BC548 $3 Sm BCX52 $7 Mm P 
_— BC549 s3 Sm BCX53 S7 Mm P 
= BC550 §3 Sm BCX54 S7 Mm P 
BC556 s3 Sm BCX55 $7 Mm P. 
BC55/7 $3 Sm BCX56 $7 Mn P 
BC558 $3 Sm BCX70* S7 Mm P 
BC559 $3 Sm BCX71* $7 Mm P 
BC560 $3 Sm BCY56 $3 Sm P 
BC635 $3 Sm BCY57 $3 Sm P 
BC636 $3 Sm BCY58 $3 Sm P 
BC637 $3 Sm BCY59 $3 Sm : 
BC638 $3 Sm BCY70 S3 Sm P 
BC639 $3 Sm BCY71 $3 Sm is 
BC640 $3 Sm BCY72 $3 Sm P 
BCF29;R S7 Mm BCY78 S3 Sm P 
BCF30;R S/ Mm BCY79 $3 Sm P 
BCF32;R S7 Mm BCY87 $3 Sm P 
BCF33;R_ $7 Mm BCY88 $3 Sm P 
BCF/70;R_ S7 Mm BCY89 S35 Sm P 
BCF81;R_ $7 Mm BD131 S4 Pp P 
BCV71;R S7 Mm BD132 S4 P P 
BCV72;R_ S7 Mm BD135 S4 P P 
BCW29;R S7 Mm BD136 S4 P P 
BCW30;R S7 Mm BD137 $4 P P 
BCW31;R S7 Mm BD138 S4 P P 
BCW32;R S7 Mm BD139 S4 P P 
BCW33;R S7 Mm BD140 S4 P P 
BCW60* S7 Mm BD201 S4 P P 
* = series 
FET = Field-effect transistors P = Low-frequency power transistors 
Mm = Microminiature semiconductors Sm = Small-signal transistors 


for hybrid circuits 
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P = Low-frequency power transistors 


| typeno. book section no. | typeno. book section 


BD940 
BD941 
BD942 
BD943 
BD944 


BD945 
BD946 
BD947 
BD948 
BD949 


BD950 
BD951 
BD952 
BD953 
BD954 


BD955 
BD956 
BDT29 
BDT29A 
BDT29B 


BDT29C 
BDT30 

BDT30A 
BDT30B 
BDT30C 


BDT31 
BDT31A 
BDT31B 
BDT31C 
BDT32 


BDT32A 
BDT32B 
BDT32C 
BDT41 

BDT41A 


BDT41B 
BDT41C 
BDT42 

BDT42A 
BDT42B 


$4 
S4 
S4 
S4 
S4 


section 


u —wci Uy yom utd wry uy i wWuotwMwrhy mry Oy 'd mw twWwY mamywty 


wom ss 


| typeno. book section | no. 


BDT42C 
BDT60 

BDT60A 
BDT60B 
BDT60C 


BDT61 
BDT61A 
BDT61B 
BDT61C 
BDT62 


BDT62A 
BDT62B 
BDT62C 
BDT63 

BDT63A 


BDT63B 
BDT63C 
BDT64 

BDT64A 
BDT64B 


BDT64C 
BDT65 

BDT65A 
BDT65B 
BDT65C 


BDT91 
BDT92 
BDT93 
BDT94 
BDT95 


BDT96 
BDV64 
BDV64A 
BDV64B 
BDV64C 


BDV65 
BDV65A 
BDV65B 
BDV65C 
BDV91 


INDEX — 


| typeno. book section | section 
$4 P 
S4 P 
$4 P 
S4 P 
S4 P 
S4 P 
S4 P 
S4 P 
S4 P 
S4 P 
S4 P 
S4 P 
S4 P 
S4 P 
S4 P 
S4 Pp 
S4 P 
S4 P 
S4 P 
S4 P 
S4 P 
S4 P 
S4 P 
S4 P 
S4 Pp 
S4 P 
S4 P 
S4 P 
S4 Pp 
S4 P 
S4 P 
S4 P 
S4 P 
S4 P 
S4 Pp 
S4 P 
S4 P 
S4 P 
$4 P 
S4 P 
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} typeno. book section —_| no. } typeno. book section —_| section | typeno. book section | no. | typeno. book section | section type no. book — section 
BDV92 S4 P BDX67 S4 P BF419 S4 io 
BDV93 S4 P BDX67A S4 P BF422 $3 Sm 
BDV94 S4 P BDX67B S4 P BF423 $3 Sm 
BDV95 S4 P BDX67C $4 P BF450 $3 Sm 
BDV96 S4 P BDX77 P BF451 $3 Sm 
BDW55 S4 P BDX78 P BF457 S4 P 
BDW56 S4 P BDX91 P BF458 S4 P 
BDW57 S4 P BDX92 e BF459 S4 P 
BDW58 S4 P BDX93 P BF469 S4 P 
BDW59 S4 P BDX94 P BF470 S4 P 
BDW60 S4 P BDX95 BF471 S4 P 
BDX35 S4 P BDX96 BF472 S4 P 
BDX36 $4 P BDY90 BF480 $3 Sm 
BDX37 S4 P BDY90A BF494 $3 Sm 
BDX42 S4 P BDY91 BF495 $3 Sm 
BDX43 S4 P BDY92 BF496 $3 Sm 
BDX44 $4 P BF180 BF510 S7 Mm 
BDX45 S4 P BF181 BF511 S7 Mm 
BDX46 S4 P BF182 BF512 S7 Mm 
BDX47 S4 P BF183 BF513 S7 Mm 
BDX62 S4 P BF198 BF536 S7 Mm 
BDX62A S4 P BF199 BF550;R_ $7 Mm 
BDX62B = S4 P BF200 BF569 S7 Mm 
BDX62C 8 S4 P BF240 BF579 S7 Mm 
BDX63 = S4 P BF241 BF622 == S7 Mm 
BDX63A S4 P BF245A BF623 $7 Mm 
BDX63B S4 P BF245B BF660;R S/7 Mm 
BDX63C S4 P BF245C BF/67 $7 Mm 
BDX64 S4 P BF246A BF819 S4 P 
BDX64A S4 P BF246B BF85/7 S4 P 
BDX64B S4 P BF246C BF858 S4 P 
BDX64C $4 P BF256A BF859 S4 P 
BDX65 S4 P BF256B BF869 S4 P 
BDX65A S4 P BF256C BF870 S4 P 
BDX65B S4 P BF324 BF871 S4 P 
BDX65C S4 P BF370 BF872 S4 P 
BDX66 S4 P BF410A BF926 $3 Sm 
BDX66A S4 P BF410B BF936 $3 Sm 
BDX66B S4 P BF410C BF939 $3 om 
BDX66C S4 P BF410D BF960 $5 FET 
' FET = Field-effect transistors P = Low-frequency power transistors 


Mm = Microminiature semiconductors 
for hybrid circuits 


Sm = Smalli-signal transistors 
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section 


type no. book 

BF967 $3 Sm 
BF970 $3 Sm 
BF979 S3 Sm 
BF981 $5 FET 
BFQLO S5 FET 
BFQIL $5 FET 
BFQ12 S5 FET 
BFQ13 S5 FET 
BFQI4 ($5 FET 
BFQL5 $5 FET 
BFQ16 S5 FET 
BFQL7 S7 Mm 
BFQI8A = $7 Mm 
BFQ19 S7 Mm 


BFQ22 SLO WBT 


BFQ22S. $10 WBT 
BFQ23 SLO WBT 
BFQ24 SLO = WBT 


BFQ32 SLO WBT 
BFQ33 SLO . WBT 
BFQ34 S10 WBT 
 BFQA2 S6 RFP 
BFQ43 S6 RFP 


BFQ51 S10 = WBT 
BFQ52 SLO WBT 


BFQ53 S10 = WBT 
BFQ63 SLO WBT 
BFQ68 S10 WBT 
BFR29 S5 FET 
BFR30 ° S7 Mm 


BFR31 S7 Mm 
BFR49 $10 WBT 
BFR53;R_ S7 Mm 
BFR54 $3 Sm 


BFRO6O4 S10 WBT 


BFR65 $10 WBT 
BFR84 S5 FET 
BFR9O $10 WBT 
BFRIOA $10 WBT 
BFR91L S10 


FET = Field-effect transistors 


Mm = Microminiature semiconductors 
for hybrid circuits 


type no. 


BFROLA 
BFR923R 
BFR93;R 
BFR94 
BFR95 


BFR96 
BFR96S 
BFS173R 
BFS185R 
BFS19;R 


| BFS203;R 


BFS21 | 
BFS21A 
BFS22A 
BFS23A 


BFS28 
BFT24 
BFT253R 
BFT44 
BFT45 


BFT46 
BFT92;R 
BFT93;R 
BFW10 
BFW11 


BFW12 
BFW13 
BFW16A 
BFWL7A 
BFW30 


BFW61 
BFW92 
BFW93 
BFX29 
BFX30 


BFX34 
BFX84 
BFX85 
BFX86 
BFX8/ 


RFP = R.F. power transistors and modules 


RT = Tripler 


book 


$10 
S7 
S7 
S10 
S10 


S10 
$10 
S7 
$7 
S7 


S7 
55 
55 
S6 
S6 


$5 
S10 
S7 
$3 
$3 


S7 
S7 
S7 
$5 
$5 


55 
s5 
S10 
S10 
510 


$5 
S10 
S10 
53 

$3 


$3 
$3 
53 
53 
53 


‘section 


WBT 


Sm 


BFX88 
BFX89 
BFY50 
BFY51 
BFY52 


BFY55 
BFY90 
BG2000 
BG2097 
BGX11* 


BGX12* 
BGX13* 
BGX14* 
BGX15* 
BGX17* 


BGY22 
BGY22A 
BGY23 
BGY23A 
BGY32 


BGY33 
BGY35 
BGY36 
BGY40A 
BGY40B 


BGY41A 
BGY41B 
BGY43 
BGY50 
BGY51 


BGY52 
BGY53 
BGY54 
BGY55 
BGY56 


BGY57 
BGY58 
BGY59 
BGY60 
BGY74 


$3 
S10 
$3 
$3 
$3 


$3 
$10 
Sl 
Sl 
S2 


$2 
$2 
$2 
$2 
$2 


S6 
S6 
S6 
S6 
S6 


S6 
S6 
S6 
S6 
S6 


S6 
S6 
S6 
$10 
$10 


$10 
S10 
$10 
S10 
$10 


S10 
$10 
S10 
$10 
S10 


= Small-signal transistors 

ThM = Thyristor Modules 

WBM = Wideband hybrid IC modules 
WBT = Wideband hybrid !C modules 
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INDEX 


typeno. book _ section type no. book _ section type no. book section 


BGY75 $10 WBM BLW98 BLY94 S6 RFP 
BLV10 S6 RFP BLX13 BLY97 S6 RFP | 
BLV11 $6 RFP BLXL3C BPW22A S8 PDT 
BLV20 S6 RFP BLX14 BPW44 S8 PDT 
BLV21 S6 RFP BLXL5 | BPW45 S8 PDT 
BLV25 S6 RFP BLX39 BPW50 $8 PDT 
BLV30 S6 RFP BLX65 BPX25 S8 PDT 
BLV31 S6 RFP BLX66 BPX29 S8 PDT 
BLV32F S6. RFP BLX67. BPX40 S8 PDT 
BLV33 S6° RFP BLX68 BPX41 S8 PDT 
BLV33F S6 RFP BLX69A BPX42 S8 PDT 
BLV36 S6 RFP BLX91A BPX47B/18S8 PDT 
BLV57 S6 RFP BLX92A BPX47B/20S8 PDT 
BLW29 S6 RFP BLX93A BPX47C/36S8 PDT 
BLW31 S6 RFP BLX94A BPX70 S8 POT 
BLW32 S6 RFP BLX94C BPX71 S8 PDT 
BLW33 S6 RFP BLX95 BPX72 S8 PDT 
BLW34 $6 RFP BLX96 BPX95C—s S88 PDT 
BLW5OF S6 RFP BLX97 BR1O00/03 $2 Th 
BLW60 S6 RFP BLX98 BR1OL $3 Sm 
BLW60C —S6 RFP BLY33 BRY39 $3 Sm 
BLW64 S6 RFP BLY34 BRY56 $3 Sm 
BLW/5 S6 RFP BLY35 BRY61 S7 Mm 
BLW76 S6 RFP BLY36 BSR12;R $7 Mm 
BLW77 S6 RFP BLY83 ° BSR13;R $7 Mm 
BLW78 S6 RFP BLY84 BSR1L4;R_ S7 Mm 
BLW79 S6 RFP BLY85 BSR15;R_ $7 Mm 
BLW80 S6 RFP BLY87A BSR16;R $7 Mn 
BLW81 S6 RFP BLY87C BSR17;R_ S7 Mm 
BLW82 S6 RFP BLY88A BSR30 S7 Mm 
BLW83 S6 RFP BLY88C BSR31 S7 Mm 
BLW84 S6 RFP BLY89A BSR32 S7 Mm 
BLW85 S6 RFP BLY89C BSR33 S7 Mm 
BLW86 S6 RFP BLY90 BSR4O S7 > Mim 
BLW87 $6 RFP BLY91A BSR41 ' S7 Mm 
BLW89 S6 RFP BLY91C BSR42 S7 Mm 
BLW90 S6 RFP BLY92A BSR43 S7 Mm 
BLW91 $6 RFP BLY92C BSR50 $3 Sm 
BLW95 S6 RFP BLY93A BSR51 $3 Sm 
BLW96 S6 RFP BLY93C BSR52 $3 Sm 


Mm = Microminiature semiconductors _ Sm =Small-signal transistors 
for hybrid circuits Th = Thyristors 
PDT = Photodiodes or transistors WBM = Wideband hybrid IC modules 


RFP = R.F. power transistors and modules 
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: type no. book section 


* 


BSR56 $7 Mn 


BT139* 
BSR5/7 S7 Mm BT1L49* 
BSR58 S7 Mm BTL51* 
BSR60 $3 Sm BT152* 
BSR61 S3 Sm BT153 
BSR62 $3 Sm BT154 
BSS38 $3 Sm BT1L55* 
BSS50 $3 Sn BTV24* 
BSS51 $3 Sm BTV34* 
BSS52 $3 Sm BTV58* 
BSS60 $3 Sm BIW23* 
BSS6L $3 Sm BTW30S* 
BSS62 $3 Sm BIW31W* 
BSS63;R S7 Mm BIW38* 
BSS64;R S7 Mm BIW40% 
BSS68 $3 Sm BTW42* 
BSVL5 $3 Sm BTW43* 
BSV16 $3 Sm BTW45* 
BSV17 $3 Sm BTW47* 
BSV52;R S7 Mm BTW58%* 
BSV64 $3 Sm BTW63* 
BSV78 $5 FET BIW92* 
BSV79 $5 FET BTX18* 
BSV80 $5 FET BIX94* 
BSV81 $5 FET BTY/79%* 
BSW66A $3 Sm BIY8/* 
BSW67A $3 Sm BTY91* 
BSW68A $3 Sm BU208A 
BSX19 $3 Sm BU326 
BSX20 $3 Sm BU326A 
“BSX45 S3 Sm. BU426 
BSX46 $3 Sm BU426A 
BSX47 S3 Sm BU433 
BSX59 $3 Sm BUSL1;A 
BSX60 $3 Sm BUS12;A 
BSX61 $3 Sm BUSL3;A 
BSY95A $3 Sm BUS143A 
BT136%* $2 Tri BUV82 
BT137% $2 Tri BUV83 
BT138* $2 Tri BUW84 

= series 


FET = Field-effect transistors 
Mm = Microminiature semiconductors 


Pp 


for hybrid circuits 
= Low-frequency power transistors 


type no. 


book — section 


$2 
$2 
$2 


$2 
$2 
$2 


S2 
$2 
$2 


$2 
$2 
S2 


$2 
$2 
$2 


$2 
S4 
S4 


S4 
S4 
S4 


S4 
S4 
S4 


R 
Sm = Small-signal transistors 


Th 
Tri 


Tri 


Tri 


= Rectifier diodes 


= Thyristors 
= Triacs 


BUX46;A S4 
BUX47;A S4 
BUX48;A S4 


book section 


S4 


U0 UU 


Sh 


S4 
S4 
S4 
S4 
S4 


muy tu 


S4 
S4 
S4 
$4 
SL 


Arye 


Sl 
$2 
S2 
$2 
S1 


AA RAW 


$2 
$2 
52 
$2 
$2 


ARAAAD 


Sl 
Sl 
Sl 
Sl 
Sl 


AA DAA D 


Sl 
Sl 
Si 
Sl 
Sl 


RmmwW Dw 


Sl 
Sl 
S2 
52 
$2 


APRA RD 
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book — section type no. book section type no. book _ section 

BYV23 $2 R BYX52* $2 R CNX21 S8 PhC 
BYV24 $2 R BYX56* $2 R CNX35 s8 PhC 
BYV27 $l R BYX/71* $2 R CNX36 S8 Phc 
BYV28 $l R BYX90 Sl R CNX38 S8 PhC 
BYV30* $2 R BYX91* $l R CNY48 $8 Phc 
BYV32* $2 R BYX94 Sl R CNY50 S8 Phc 
BYV92* S2 R BYX96* $2 R CNY52 S8 PhC 
BYV95A Sl R BYX97* $2 R CNY53 S8 PhC 
BYV95B Sl R BYX98* $2 R CNY57 S8 PhC 
BYV95C Sl R BYX99* $2 R CNY57A S8 PhC 
BYV96D Sl R BZTO3 Sl Vreg CNY62 S8 PhC 
BYV96E Sl R BZV10 Sl Vrf CNY63 S8 PhC 
BYW19* $2 R BZV11 Sl Vrf CQ209S S8 D 
BYW25 $2 R BZV12 Sl Vrf CQ216X S8 D 
BYW29* $2 R BZV13 Sl Vrf CQ216Y S8 D 
BYW30* 32 R BZV14 Sl Vrf CQ327;R S8 D 
BYW31* $2 R BZV15* §2 Vrg CQ330;R $8 D 
BYW54 Sl R BZV37 Sl Vrf CQ331;R $8 D 
BYW55 Sl R BZV46 Sl Vrg CQ332;R S8 D 
BYW56 Sl R BZV49 Sl Vrg CQ427;R $8 D 
BYW92*  §2 R BZV85 S1 Vrg CQ430;R_ S8 D 
BYW93* $2 R BZW/0* §2 TS CQ431;R $8 D 
BYW94* $2 R BZW86* $2 TS CQ432;R S8 D 
BYW95A = SL R BZW91* S2 TS CQL1O S8 LED 
BYW95B Sl R BZX55 $1 Vrg CQW10 S8 LED 
BYW95C $1 R BZX70* $2 Vrg CQW1l S8 LED 
BYW96D Sl R BZX75 S1 Vre CQW12 S8 LED 
BYW96E Sl R BZX78* S7/S1 Mm/Vrg CQX10 s8 LED 
BYX10 Sl R BZX79* =S1 Vrg CQX11 S8 LED 
BYX22* $2 R BZX84*  $7/S1 Mm/Vrg CQX12 S8 LED 
BYX25* $2 R BZX87* S$1 Vrg CQX51 $8 LED 
BYX30* §2 R BZX90 $1 Vrf CQX54 $8 LED 
BYX32* S2 R BZX91 Sl Vrf CQx55 $8 LED 
BYX38* S2 R BZX92 $1 Vrf CQX56 S8 LED 
BYX39* $2 R BZX93 S1 Vrf CQX57 S8 LED 
BYX42* S2 R BZX94 $1 Vrf CQX58 $8 LED 
BYX45* S2 R BZY91* $2 Vrg CQxX60 $8 LED 
BYX46* S2 R BZY93* §2 Vrg CQX61 $8 LED 
BYX49* S2 R BZY95* $2 Vrg CQX62 S8 LED 
BYX50* $2 R BZY96* $2 Vrg CQX63 s8 LED 

* = series - 

D = Displays R = Rectifier diodes 

LED = Light emittting diodes TS = Transient suppressor diodes 


Vrf = Voltage reference diodes 
Vrg = Voltage regulator diodes 


Mm = Microminiature semiconductors 
for hybrid circuits 
PhC = Photocouplers 


October 1982 


type no. book section | typeno. book section —_ | no. 
CQX64 S8 LED OM361 
COX65 S8 LED 0M370 
CQX66 S8 LED OM931 
CQX67 S8 LED OM961 
CQX68 S8 LED ORP60 
CQX74 S8 LED ORP61 
CQX75 S8 LED ORP62 
CQX76 S8 LED ORP66 
CQX77 S8 LED ORP68 
CQX78 S8 LED ORP69 
CQY11B s8 LED OSB9110 
CQY11C s8 LED 0SB9210 
CQY24B ss S8 LED 0SB9410 
CQY49B—s $8 LED 0SM9110 
CQY49C S8 LED 0SM9210 
CQY50 $8 LED 0SM9410 
CQY52 S8 LED 0SM9510 
CQY54 S8 LED 0SM9511 
CQY58A s8 LED 0SM9512 
CQY89A S8 LED 0SS9110 
CQY94 S8 LED 0SS9210 
CQY95 S8 LED 0SS9410 
CQY96 S8 LED PH2222;R 
CQY97 S8 LED PH2222A3;R 
0A90 $l GD PH2369 
OA91 $1 GD - PH2907;R 
OA95 Sl GD PH2907A3R 


PH40* 
PH/0* 
RPY58A 


0M320 510 WBM 
OM321 $10 WBM 
OM322 S10 WBM 
0M323 $10 WBM RPY82 
OM323A S10 WBM RPY84 
0M335 $10 WBM RPY85 
0M336 510 WBM RPY86 
0M337 $10 WBM RPY87 


RPY88 
RPY89 
RPY90* 
RPY91%* 
RPY93 


OM337A = $10 WBM 
0M339 $10 WBM 
OM345 $10 WBM 
0M350 $10 WBM 
0M360 $10 WBM 


FET = Field-effect transistors 

GD = Germanium diodes 

[ = Infrared devices 

LED = Light emitting diodes 

P = Low-frequency power transistors 
Ph = Photoconductive devices 


| typeno. book section —_ | section 


R 
SD 
Sm 
St 
Vrf 


| typeno. book section! no. 


RPY96 
S$D205 
SD210 
SD211 
$D212 


$D213 
SD214 
SD215 
S$D217 
$D220 


$D222 
$D226 
S$D304 
SD306 
1N8215A 


1N823;3A 
1N8253A 
1N827;A 
1N8293A 
1N914 


1N916 

1N3879 
1N3880 
1N3881 
1N3882 


1N3889 
1N3890 
1N3891 
1N3892 
1N3899 


1N3900 
1N3901 
1N3902 
1N3903 
1N3909 


1N3910 
1N3911 
1N3912 
1N3913 
1N4001G 


= Rectifier diodes 

= Small-signal diodes 
= Small-signal transistors 
= Rectifier stacks 
= Voltage reference diodes 


| typeno. book section! 


Sl 


INDEX 


section 


AAAA DW AAAARBX 


ARAAAD 


WBM = Wideband hybrid IC modules 
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INDEX 


book _— section 


type no. typeno. book — section type no. book _ section 
1N4002G $1 R 2N2905 $3 Sin | 
1N4003G_ Sl R 2N2905A_ $3 Sm | 
1N4004G_ Sl R 2N2906 ~=$3 Sm | 2N4860 = S$5 FET 
1N4005G_ S1 R 2N2906A_ S3 Sm |. 2N4861 ~=$5 FET ° 
1N4006G Sl R 2N2907_—s $3 Sm 2N5415— $3 Sm 
1N4007G_ Sl R 2N2907A S3 Sm 2N5416 = $3 Sm 
1N4148 Sl SD 2N3019 $3 Sm 61SV S8 I 
1N4150 S21 SD 2N3020 =$3 Sm 368BPY Ss8 PDT 
IN4151 = S1 SD 2N3053 = S3 Sm 5620ld S84 A 
1N4154 Sl SD 2N3375 S6 RFP 56201; S4 A 
1N4446—s S11 SD 2N3553 S6 RFP 56230 $2 HE 
1N4448 Sl SD 2N3632 S6 RFP 56231 S2 HE 
1N4531 Sl SD 2N3822 $5 FET 56245 S3,6,10A 
1N4532 Sl SD 2N3823 8 S5 FET 56246 S3,5,10A 
1N5059—s S11 R 2N3866 S6 RFP 56253 S2 DH 
1N5060_—s SI R 2N3903 =S3 Sm 56256 S2 DH 
1N5061 Sl R 2N3904 §3 Sm 5626la S4 A 
1N5062 = Sl R 2N3905 ~=$3 Sm 56262A S2 A 
2N918 S10 WBT 2N3906 = 3 Sm | 56264A s2 A 
2N929 $3 Sm 2N3924 S6 RFP | 56268 S2 DH 
2N930 $3 Sm 2N3926 $6 REP | 56290 S2 HE 
2N1613 = $3 Sm 2N3927 $6 RFP 56295 S2 A 
2N1711 $3 Sm 2N3966 = S5 FET 56312 S2 DH 
2N1893 $3 Sm 2N4030 = $3 Sm 56313 S2 DH 
2N2218 $3 Sm 2N4031 $3 Sm 56316 $2 A 
2N2218A $3 Sm 2N4032 =3=6$3 Sm 1 56317 S2 A 
2N2219 $3 Sm 2N4033 = S3 Sm 56326 S4 A 
2N2219A $3 Sm 2N4091 ~=$5 FET 56333 S4 A 
2N2221 53 Sm 2N4092.~—s $5 FET 56339: S4 A 
2N2221A S3 Sm 2N4093 = S5 FET 56348 S2 DH 
2N2222 #8 $3 Sm 2N4123—s $3 Sm 56350 S2 DH 
2N2222A $3 Sm 2N4124 $3 Sm 56352 S4 A 
2N2297 =$3 Sm 2N4125 ~=$3 Sm 56353 S4 A 
2N2368 $3 Sm 2N4126 $3 Sm 56354 s4 A | 
2N2369 $3 Sm 2N4391 SS FET 56359b = S4 A 
2N2369A $3 Sm 2N4392 ~=S5 FET 56359c =S4 A 
2N2483 $3 Sm 2N4393 = S5 FET 56359d S4 A 
2N4427 S6 RFP 56360a S4 A 
2N4856 ~=S5 FET 56363 S2,S4 A 
2N4857.—s S5 FET 56364 S2,S4 A 


A = Accessories R = Rectifier diodes 

DH = Diecast heatsinks RFP =R.F. power transistors and modules 
FET = Field-effect transistors - SD = Small-signal diodes 

HE = Heatsink extrusions Sm = Small-signal transistors 

I = Infrared devices WBT = Wideband hybrid IC modules 

PDT = Photodiodes or transistors 
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type no. 


56366 
56367 
56368a 
56368b 
56369 


56378 
56378 
56379 


book section 


52 
$2,384 
S4 
Sh 
S2,S4 


S4 
S4 
S4 


56387a,b S4 


A = Accessories 
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MAINTENANCE 
TYPES 


MAINTENANCE TYPE LIST 


The types listed below are not included.in this handbook. 
Detailed information will be supplied on request. 


BCY30A to 34A 
BF115 


1 September 1982 


SELECTION GUIDE 


C861 4890190 


Transistors for audio and general purpose applications 


type number 


BC107 
BC108 
BC109 


BC146 


BC177 
BC178 
BC179 


BC200 


BC327 
BC327A 
BC328 


BC337 
BC337A 
BC338 


BC368 
BC369 
BC375 
BC376 


BC546 
BC547 
BC548 


BC549 
BC550 


RATINGS CHARACTERISTICS 


VcEoO} !c F 
polarity | envelope V mA dB 
. |typ. 
45 (125—500) 2 
n-p-n TO-18 20 100 300 25 |} (125-900) 2 | >300] 2 
20 (240—900) 1,2 
n-p-n SOT-42 20 50 50 45 80—550 0,2 150] 2 
45 ( 75—260) = 
p-n-p TO-18 25 100 300 25 | (125—500) 2 150} — 
20 (125—500) 1,2 
p-n-p SOT-42 20 50 50 45 50-400 0,2 90} 2 
45 
p-n-p TO-92 var. | 60 500 800 25 100—600 100 100; — 
25 
45 
n-p-n TO-92 var. | 60 500 800 25 100—600 100 200} — 
25 
n-p-n TO-92 var. | 20 1000 800 25 85—375 500 60; — 
p-n-p TO-92 var. | 20 1000 800 25 85—375 500 60; — 
n-p-n TO-92 var. | 20 1000 800 25 60—340 150 150; — 
p-n-p | TO-92var.| 20 | 1000 | 800 25 60-340 150 150} — 
65 (125—500) 
n-p-n TO-92 var.| 45 100 500 25 | (125—900) 2 300; 2 
30 (125—900) 
n-p-n TO-92 var. ‘ 100 500 25 | (240—900) 2 300 | 1,4 


remarks 


low-noise type 
hearing aids, watches 


low-noise type 
hearing aids, watches 


driver and output stages 


driver and output stages 


class-B audio output stage 


output stage 


driver stage audio amplifier 


low-noise stage 


AGIND NOILOSATAS 
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Transistors for audio and general purpose applications 


RATINGS CHARACTERISTICS 
VcEO | !c F 
type number | polarity | envelope V mA dB |remarks 
typ. 
BC556 : 65 
BC557 p-n-p TO-92 var. 45 100 ; 500 25 |( 75—500) 2 150 2 | driver stage audio amp. 
BC558 30 ; 
BC559 30 1,2 : 
BC5GO p-n-p TO-92 var. A5 100 | 500 25 1(125—500) 2 150 ; low-noise types 
BC635 45 40—250 
BC637 n-p-n TO-92 var. 60 | 1000 | 1000 25 40—160 150 130 — {driver stage 
BC639 80 40—160 
BC636 45 40—250 
BC638 p-n-p TO-92 var. 60 | 1000 | 1000 25 40-160 150 50 — |driver stage 
BC640 80 40—160 , : 
BCY56 45 100—450 85 
BCY57 n-p-n TO-18 30 100 ; 300 25 200-800 2 100 1,5 | low-noise types 
BCY58 32 coil 
BCY59 n-p-n TO-18 45 200 | 330 45 |(125—700) 2 280 2 | switching 
BCY70 40 2,0 
BCY71 p-n-p TO-18 45 200 ; 350 25 > 100 10 450 0,8 | low-noise types 
BCY72 25 2,0 
BCY78 32 ae 
BCY79 p-n-p TO-18 45 200 | 345 45 |(125—700) 2 180 2 switch ing 
ahs <3 | re-stages of differential amplifiers 
BCY88* p-n-p | TO-71 40 30 | 150 25 | 100-450 0,05} >10 | <4 |/Prese9 P 
BCY89* <4 | long-tailed pairs 


* Dual transistors for differential amplifiers. 
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Transistors for audio and general purpose applications 


RATINGS CHARACTERISTICS 
F 

type number | polarity | envelope dB remarks 

oz _ | typ. 
2N929 100—350 2,5 eee eer bes 
2N930 n-p-n TO-18 45 30 | 300 25 150600 10 80 20 low-level, low-noise amplifiers 
2N2483 4 < 500 4 Pe 
ON2484 n-p-n TO-18 60 50*} 360 25 < 800 10 80 3 low-level, low-noise amplifiers 
2N4030 60 40—120 > 100 
2N4031 se : 80 40—120 > 100 large-signal, low-noise, 
2N4032 Pap: ee B03 jee le 25 | 100-300 '7° | > 150 low-power 
2N4033 80 100—300 > 150 
2N4123 aan 70.92 30 500 | 350 25 ( 50—200) 9 > 250 6 . 
2N4124 25 (120—480) > 300 5 Saree ; 

gnal, low-power 

2N4125 ee T0.92 30 500 | 350 95 ( 50—200) 9 > 200 5 
2N4126 ee 25 (120-480) >250 | 4 


Transistors for h.f. applications 


RATINGS CHARACTERISTICS 
VcEO} 'c bFE 4 'c | Gre | fr} F y fF 
type number | polarity | envelope V mA mA | pF |MHz{ dB MHz |remarks 
typ. | typ. | typ. 
BF 180 n-pn | TO-72 20 | 20 | 150 25 0,28} 675 | 5,7 800 | 94!N-controlled u.h.f. 
preamplifier 
BF181 n-p-n TO-72 20 20 150 25 0,28; 600 | 6,8 900 {mixer osc. u.h.f. band 
BF182 n-p-n TO-72 20 15 150 25 0,33; 650 | 7,4 800 | mixer in TV tuners 
BF183 n-p-n TO-72 20 15 150 25 0,33] 800 local osc. in TV tuners 
* ICM: 


ACIND NOILOATSS 


if 
Transistors for h.f. applications 
Oo RATINGS CHARACTERISTICS 
ie] 
cS. VceO | 'c | Ptot a4 Tamb | DFE 4, !c| Cre fT Beet 
® type number | polarity| envelope V mA | mW % mA| pF MHz dB MHz | remarks 
= typ. typ. | typ. 
Ne) BF198 n-p-n TO-92 var.| 30 25 | 500 £25 > 10 15 | 0,20 400 | 3 35 |gain-controlled TV i.f. amp. 
BF199 n-p-n TO-92 var. 25 25; 500 25 > 38 - 7 | 0,30 550 output video i.f. amp. 
BF200 n-p-n TO-72 20 20; 150 £25 > 15 3 | 0,28 650 | 2,7 200 | gain-controlled v.h.f. amp. 
BF240 es, : 67—220 380 a.m. mixers and i.f. amp. 
BF241 ee TOD Nate AD ao | aed? ize 36—125 Bi Onee 350 ae Ue in a.m./f.m. receivers 
BF324 p-n-p TO-92 var. 30 25 | 250 £45 typ.50 4 | 0,10* 450 | 3 100 |r.f. stages in f.m. front-ends 
BF336 180 
BF337 n-p-n TO-39 200 100 | 3000 140** | >20 30 | 3,5 80 video output stages 
BF338 225 
BF370 n-p-n TO-92 var.| 15 100 | 500 25 > 40 10 | 1,6 > 500 large signal, i.f. amp. 
BF422 n-p-n TO-92 var. | 250 50; 830 25 > 50 25 | 1,0 > 60 class-B video output 
BF423 p-n-p TO-92 var. | 250 50 {| 830 25 > 50 25 | 1,1 > 60 class-B video output 
BF450 62—200 mixer stages in a.m.receivers 
BF451 Be Tee va ae Gor eee. “mR 30—90 Ue le nee : ve and i.f. stages for a.m./f.m. 
BF480 n-p-n SOT-37 15 20; 200 60 typ. 28 10 2000 | 38 800 jr.f. osc. stages in TV tuners 
f.m. tuners, a.m. mixer- 
BF494 n-p-n TQ-92 var. 20 30; 300 75 typ. 115 1 | 0,85 260 4 100 | osc., i.f. amp. in a.m./f.m. 
receivers 
f.m. tuners, i.f. amp. in 
BF495 n-p-n TO-92 var. 20 30 | 300 75 typ. 67 1 | 0,85 200 4 100 | a.m./f.m. receivers and 
a.m. input stages car radios 
BF496 n-p-n TO-92 var. 20 20; 300 75 > 12 2 | 0,80 550 2 100 | gain-controlled v.h.f. amp. 


nC ROT oe 


AqGINDS NOIMLOATAS 
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Transistors for h.f. applications 


RATINGS CHARACTERISTICS 


type number | polarity | envelope “CEO me tot at Tamb APE at 2G ae nee ee 

; typ. typ. 
BF926 p-n-p TO-92 var. 20 25 250 45 > 30 1 10,5 350! 5 200 | mixer/osc. in v.h.f./u.h.f. 
BF936 p-n-p TO-92 var. | 20 25 250 45 > 25 1 | 0,9 350; 5 200 | mixer/osc. in v.h.f./u.h.f. 
BF939 p-n-p TO-92 var. 25 20 225 55 > 16 2 | 0,7 750} 2,5 200 | gain-controlled v.h.f. amp. 
BF967 . p-n-p SOT-37 30 20 160 55 > 15 3 | 0,45 900 4 800 | gain-controlled u.h.f. amp. 
BF970 p-n-p SOT-37 35 30 160 55 > 25 3 |0,475 |. 900] 4,7 800 | self-osc. u.h.f. mixer stage 
BF979 p-n-p SOT-37 20 30* 140 55 > 20 10 | 0,65 1350} 4,5 800 |r.f. stages in u.h.f. tuners 
BFR54 n-p-n TO-92 var. 15 500* 500 25 > 40 10 > 500 freq. multipliers 
BFY50 35 112 140 : ; 
BFY51 np-n | TO-39 30 |1000 | 5000 50** | 123 150 160 state Gralla 
BFY52 20 142 185 
BFY55 n-p-n TO-39 35 {1000 800 25 > 40 150 > 60 
2N2297 n-p-n TO-39 35 | 1000 800 25 40—120 150 > 60 


For data on tetrode-MOS-FET types for v.h.f./u.h.f. 
applications see Handbook part 5 


pe 


Transistors for switching applications 


RATINGS CHARACTERISTICS 


type number | polarity | envelope 


remarks 
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Transistors for switching applications 


type number | polarity | envelope 


BCY70 
BCY71 
BCY72 


BCY78 
BCY79 


BFT44 
BFT45 


BFX34 


BFY50 
BFY51 
BFY52 


BSR50 
BSR51 
BSR52 


BSR60 
BSR61 
BSR62 


BSS38 


BSS50 
BSS51 
BSS52 


BSS60 
BSS61 
BSS62 


BSS68 


p-A-p 


n-p-n 


n-p-n 


n-p-n 


*VCER: **Tcase- 


-|TO-18 


TO-18 


TO-39 
TO-39 


TO-39 


TO-92 var. 


TO-92 var. 


TO-92 var. 


TO-39 


TO-39 


TO-92 var. 


RATINGS 

VceEO | !c 

V mA mW 
40 

45 | 200 350 
25 

32 

45 | 200 345 
300 
250 500 | 5000 
60 |2000 | 5000 
35 

30 11000 | 5000 
20 

45* 

60* }1000 800 
80 * 

45 * 

60 * |1000 800 
80 * 
100 | 100 500 
45 * 

60*!1000 | 5000 
80 * 

45 * 

60*!1000 | 5000 
80 * 
100 | 100 500 


Prot at Tamb 


25 


45 


50 ** 
25** 


5O** | 


25 


25 


25 


; 25** 


25** 


25 


HEE 


CHARACTERISTICS 


DFE ot 


> 100 


| 80—1000 


50—150 


40—150 


typ. 112 
typ. 123 
typ. 142 


| > 2000 


> 2000 


> 20 


> 2000 


> 2000 


> 30 


Ic fT 
mA | MHz 


typ. 


10 450 


10! 180 


10; 70 


2000 | > 70 


140 
150 160 
185 


500 


500 
4|>60 


500 


500 


25 | > 50 


loft at C 
ns mA 
max. 

420 10 
420 10 
800 10 
125 500 
1200 5000 
360 =150 
1500 500 
1500 500 
1000 15 
1000 500 
1500 500 


remarks 


BCY71 is low-noise version 


amplifying and switching 
inverter and switching regulators 
general purpose 


Darlington transistors 


Darlington transistors 
driver for numerical indicator tubes 


Darlington transistors 


Darlington transistors 


general purpose 


ACIND NOILOA TSS 
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Transistors for switching applications 


VCEO 

type number | polarity | envelope (VcER) 
V 

BSV15 40 
BSV16 p-n-p TO-39 60 
BSV17 80 
BSV64 n-p-n TO-39 60 
BSW66A 100 
BSW67A n-p-n TO-39 120 
BSW68A 150 
BSX19 
BSX20 n-p-n TO-18 15 
BSX45 40 
BSX46 n-p-n TO-39 60 
BSX47 80 
BSX59 45 
BSX60 n-p-n TO-39 30 
BSX61 45 
PH2222:R es : 30 
PH2222A:R n-p-n TO-92 var. A0 
PH2369 n-p-n TQ-92 var. 15 
PH2907;R : 40 
PH2907A;R [PP fF T0982 var.) Go 
2N1613 n-p-n TO-39 (50) 
2N1711 n-p-n TO-39 (50) 
2N1893 n-p-n TQ-39 80 
2N2218 30 
an2218a jmPn | 10-38 40 
2N2219 30 
2n2219A [TPN | TO-39 40 
” Tease: ** ICM- 


RATINGS CHARACTERISTICS 
Ic Prot at Tamb | hFE at Ic fT 
mA mW °° mA |MHz 
typ. 
1000 |5000 25* {40-250 100/>50 | 650 
2000 {5000 50* |!>40 2000} 100/1200 
1000 {5000 25* {|>30 500; 130/ 900 
; 20—60 >400|} 15 
Pen heen. en 40—120 ” >500; 18 
40—250 
1000 (6250 25* {40-250 100;)>50 | 850 
40—160 
450; 60 
1000 | 800 25 30—90 500} 475! 70 
475| 100 
> 250 
800 | 625 25 >75 10 > 300 285 
500** 500 25 40—120 10;>500; 18 
600 {; 625 25 100—300 150/>200; 100 
500**| 800 25 40-120 150/>60 
1000**} 800 25 100—300 150}>70 
500 (3000 25* {40-120 150/>50 
800 | 800 25 40-120 .150}> 250 285 
> 250 
800 | 800 25 100—300 150 S300 | 285 


100 


500 


150 
10 
150 


150 


150 


remarks 


general purpose 
high-current saturation characteristics 
general purpose 


high-speed saturated switching and 
h.f. amplifier applications 


general purpose 


very high speed core-driving purposes 


d.c. and high-speed amplifiers 


high-speed switching 


high-speed switching 


ACIND NOILOA1SS 


C861 4890190 


Transistors for switching applications 


| 
type number | polarity | envelope een 


2N2221 
2N2221A 


2N2222 
2N2222A 


2N2368 
2N2369 


2N2369A 
2N2904 
2N2904A 
2N2905 
2N2905A 
2N2906 
2N2906A 


2N2907 
2N2907A 


2N3019 
2N3020 


2N3053 


2N3903 
2N3904 


2N3905 
2N3906 
2N4030 
2N4031 
2N4032 
2N4033 


2N5415 
2N5416 


* ICM- 


p-n-p 


p-n-p 


TO-18 


TO-18 


TO-18 
TO-18 


TO-39 


TO-39 


TO-18 


TO-18 


TO-39 
TO-39 


TO-92 


TO-92 


TO-39 


TO-39 


** Typical value. 


re 


30 
40 


15 


15 


40 
60 


40 
60 


40 
60 


40 
60 


80 
40 


40 


40 


RATINGS 


800 


‘ 600* 


200 


600 


600 


600 


600 


1000 
700 


200 


200 


1000 


1000 


500 


500 


360 
360 


600 


600 


400 


400 


800 
5000 


350 


350 


800 


1000 


25 
25 


25 
25 


25° 
25 
25 
25 


25 
(25) 


25 


25 


25 


50 


CHARACTERISTICS 


40—120 150 


100—300 150 
20-60 10 
40-120 10 
> 40 10 


40-120 150 
100—300 150 
40-120 150 


100—300 150 


100—300 150 
40-120 150 


50—250 150 


50-150 10 
100-300 10 


50—150 
100—300 

> 25 500 
> 25 500 
> 70 500 
> 70 500 


30—150 50 
30—120 50 


HEE at 'c | fT 
mA ne 


250 
300 


> 400 
> 500 


> 500 


> 200 


> 200 


> 200 


> 200 


> 100 
> 80 


> 100 


> 250 
> 300 


> 200 
> 250 
> 100 
> 100 
> 150 
> 150 


> 15 


0 | 285 


285 


400 


850** 


150 


150 


500 


50 


remarks 


high-speed switching 
high-speed switching 


very high speed saturated switching 


very high speed saturated switching 


‘high-speed switching and driver 


applications 


high-speed switching and driver 
applications 


high-speed switching and driver 
applications 


high-speed switching and driver 
applications 


amplifiers and medium-speed switching 


medium-speed switching 


high-speed saturated switching 


large signal, low-noise, low-power 


high-voltage general purpose 
amplifier applications 


AqINS NOLLOATAS 


C86L 49G0190 


P-N-P-N DEVICES 


Programmable unijunction transistors 


RATINGS CHARACTERISTICS 


type number | envelope remarks 


characteristics measured with Rg = 10 kQ 


BRY56 characteristics measured with Rg = 10 kQ 


Silicon controlled switches 


RATINGS CHARACTERISTICS 
Vcspo; 'e | 'ERM VAK | 'H | ton | t 
type number | envelope v at 7 eee ie he aie 
max. | max. | max. | max. 

BR101- TO-72 50 175 | 2,5 {275 25 1,4 1,0 = — characteristics measured with Ryg-K = 10 kQ2 
BRY39 TO-72 70 175 2,5 |275 25 1,4 1,0 1,5 8 characteristics measured with Ryg.« = 10 kQ 
Thyristor tetrode 

RATINGS CHARACTERISTICS at Tj = 25 oC 


type number | envelope 


IT {'TRM | !Tsm | dit/dt | VaKT | IGKT YGAT Ae tq 

mA] A A A/us V BA us | remarks 
min. | min. min. | max. 

250; 2,5) 3 20 0,5 3 


VRRMmax = 70 V 


Cp) 
IT 
i 
TM 
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a 
O | 
z 
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C 
O 
Mm 


wh My 
« Tb ety, 
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wows. 
Lt a 
thee wey 


TYPE NUMBER SURVEY 


TYPE NUMBER 


SURVEY 


In this alphanumeric list we present all small-signal transistors mentioned in this handbook. 


type 
number 


BC107 
BC108 
BC109 
BC146 
BC177 


BC178 
BC179 
BC200 
BC327 
BC327A 


,  BC328 
BC337 
BC337A 
BC338 
BC368 


BC369 
BC375 
BC376 
BC546 
BC547 


BC548 
BC549 
BC550 
BC556 
BC557 


BC558 
BC559 
BC560 
BC635 
BC636 


BC637 
BC638 
BC639 
BC640 
BCY56 


polarity | envelope 


n-p-n 
n-p-n 
n-p-n 
n-p-n 
p-n-p 
p-n-p 
p-n-p 
p-n-p 
p-n-p 
p-n-p 
p-n-p 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
p-n-p 
n-p-n 
p-n-p 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
p-n-p 
p-n-p 
p-n-p 
p-n-p 
p-n-p 
n-p-n 
p-n-p 
n-p-n 
p-n-p 
n-p-n 
p-n-p 
n-p-n 
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TO-18 
TO-18 
TO-18 
SOT-42 
TO-18 
TO-18 
TO-18 
SOT-42 


TO-92 var. 
‘| TO-92 var. 


TO-92 var. 
TO-92 var. 
TO-92 var. 
TO-92 var. 
TO-92 var. 


TO-92 var. 
TO-92 var. 
TO-92 var. 
TO-92 var. 
TQO-92 var. 


TO-92 var. 
TOQ-92 var. 
TO-92 var. 
TO-92 var. 
TO-92 var. 


TO-92 var. 
TO-92 var. 
TO-92 var. 
TO-92 var. 
TO-92 var. 


TO-92 var. 
TO-92 var. 
TO-92 var. 
TO-92 var. 


TO-18 


VCEO 
V 


45 
20 
20 
20 


Ic 
mA 


type 
number 


BCY57 
BCY58 
BCY59 
BCY70 
BCY71 


BCY72 
BCY78 
BCY79 
BCY87 
BCY88 


BCY89 
BF180 
BF181 
BF182 
BF 183 


BF197 
BF198 
BF199 
BF200 
BF240 


BF241 
BF324 
BF370 
BF422 
BF423 


BF450 
BF451 
BF480 
BF494 
BF495 


BF496 
BF926 
BF936 
BF939 
BF967 


polarity | envelope “CEO 


n-p-n 
n-p-n 
n-p-n 
p-n-p 
p-n-p 
p-n-p 
p-n-p 
p-n-p 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
p-n-p 
n-p-n 
n-p-n 
p-n-p 
p-n-p 
p-n-p 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
p-n-p 
p-n-p 
p-n-p 
p-n-p 


TO-18 
TO-18 
TO-18 
TO-18 
TO-18 


TO-18 
TO-18 
TO-18 
TO-71 
TO-71 


TO-71 
TO-72 
TO-72 
TO-72 
TO-72 


SOT-25 


TO-92 var. 
TO-92 var. 


TO-72 


TO-92 var. 


TO-92 var. 
TO-92 var. 
TQ-92 var. 
TO-92 var. 
TO-92 var. 


TO-92 var. 
TO-92 var. 


SOT-37 


TO-92 var. 
TO-92 var. 


TOQ-92 var. 
TO-92 var. 
TO-92 var. 
TO-92 var. 


SOT-37 


Ic 


mA 


100 
200 


type 
number 


BF970 
BF979 
BFR54 
BFT44 
BFT45 


BF X29 
BF X30 
BFX34 
BFX84 
BF X85 


BF X86 
BF X87 
BFX88 
BFY50 
BFY51 


BFY52 
BFY55 
BR101 

BRY39 
BRY56 


BSR50 
BSR51 
BSR52 
BSR60 
BSR61 


BSR62 
BSS38 
BSS50 
BSS51 

BSS52 


BSS60 
BSS61 

BSS62 
BSS68 
BSV15 


BSV16 
BSV17 
BSV64 
BSW66A 
BSW67A 


BSW68A 


polarity | envelope 


p-n-p 
p-n-p 
n-p-n 
p-n-p 
p-n-p 
p-n-p 
p-n-p 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
p-n-p 
p-n-p 
n-p-n 
n-p-n 
n-p-n 
n-p-n 


p-n-p- 
p-n-p- 
p-n-p- 


n-p-n 
n-p-n 
n-p-n 
p-n-p 
p-n-p 
p-n-p 
n-p-n 
n-p-n 
n-p-n 
n-p-n 


p-n-p 
p-n-p 
p-n-p 
p-n-p 
p-n-p 
p-n-p 
p-n-p 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 


=) 


SOT-37 
SOT-37 


TO-92 var. 


TO-39 
TO-39 


TO-39 
TO-39 
TQ-39 
TO-39 
TO-39 


TO-39 
TO-39 
TO-39 
TOQ-39 
TO-39 


TO-39 
TO-39 
TQ-72 
TO-72 


TO-92 var. 


TO-92 var. 
TO-92 var. 
TO-92 var. 
TO-92 var. 
TO-92 var. 


TO-92 var. 
TO-92 var. 


TO-39 
TO-39 
TO-39 
TOQ-39 
TO-39 
TO-39 


TO-92 var. 


TO-39 


VCEO 
V 


35 
30 
15 
300 


Ic 
mA 


30 

30* 
500* 
500 
500 


600 
600 
2000 
1000 
1000 


1000 
600 
600 

1000 

1000 


1000 
1000: 
175 
175 
175 


1000 
1000 
1000 
1000 
1000 


1000 

100 
1000 
1000 
1000 


1000 
1000 
1000 

100 
1000 


1000 
1000 
2000 
1000 
1000 


1000 
500* 
500* 

1000 

1000 


type 
number 


BSX47 
BSX59 
BSX60 
BSX61 
BSY95A 


PH2222;R 
PH2222A 


PH2222AR 


PH2369 
PH2907:R 


PH2907A 


PH2907AR 


2N929 
2N930 
2N1613 


2N1711 
2N1893 
2N2218 
2N2218A 
2N2219 


2N2219A 
2N2221 
2N2221A 
2N2222 
2N2222A 


2N2297 
2N2368 
2N2369 
2N2369A 
2N2483 


2N2484 
2N2904 
2N2904A 
2N2905 
2N2905A 


2N2906 
2N2906A 
2N2907 
2N2907A 
2N3019 


2N3020 
2N3053 
2N3903 
2N3904 
2N3905 


polarity | envelope 


n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
p-n-p 
p-n-p 
p-n-p 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
p-n-p 
p-n-p 
p-n-p 
p-n-p 
p-n-p 
p-n-p 
p-n-p 
p-n-p 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
n-p-n 
p-n-p 


TO-39 
TO-39 
TO-39 
TO-39 
TO-18 


TO-92 var. 
TO-92 var. 
TO-92 var. 
TO-92 var. 
TO-92 var. 


TO-92 var. 
TO-92 var. 


TO-18 
TO-18 
TO-39 


TO-39 
TO-39 
TO-39 
TQ-39 
TO-39 


TO-39 
TQ-18 
TO-18 
TO-18 
TO-18 


TO-39 
TO-18 
TO-18 
TO-18 
TO-18 


TO-18 
TQ-39 
TO-39 
TO-39 
TO-39 
TO-18 
TO-18 
TO-18 
TO-18 
TO-39 


TO-39 
TO-39 
TO-92 
TO-92 
TO-92 


45 
5Q** 


5O* * 


TYPE NUMBER 
SURVEY 


1000* 


1000 
500 
800 
800 
800 


800 
800 


HHH 


Octoher 198? 


TYPE NUMBER 
SURVEY 


type 
number 


2N3906 
2N4030 
2N4031 
2N4032 
2N4033 


~ 2N4123 
2N4124 
2N4125 
2N4126 
2N5415 


2N5416 
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CECC 
APPROVED TYPES 


Products approved to CECC, available on request. 


Type 


BC107 
BC108 
BC109 


BCY56 
BCY57 


BCY58 
BCY59 


BCY70 
BCY71 
BCY72 


BF967 


BF X29 
BF X87 
BF X88 


BF X30 
BF X34 


BF X84 
BF X85 
BF X86 


BFY50 
BFY51 
BFY52 


BSS50 
BSS51 
BSS52 


BSS60 
BSS61 
BSS62 


BSV15 
BSV16 
BSV17 


BSV64 


Se eS | ON 


CECC number 


50 002-076 
077 
078 
50 002-164 


50 002-030 
031 


50 002-079 
080 
081 
50 002-127 
50 002-071 


50 004-083 
50 004-025 


50 004-100 


50 002-089 


50 004-073 


50 004-074 


50 002-131 


50 004-008 
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Type 


BSW66A 
BSW67A 
BSW68A 


BSX45 
BSX46 
BSX47 


2N1613 
2N1711 
2N1893 


2N2218 
2N2218A 


2N2219 
2N2219A 


2N2221 
2N2221A 


2N2222 
2N2222A 


2N2904 
2N2904A 
2N2905 
2N2905A 


2N2906 
2N2906A 


2N2907 
2N2907A 


2N3019 
2N3020 


2N4030 
2N4031 
2N4032 


2N4033 . 


CECC number 


50 004-040 


50 002-174 


50 002-104 
50 002-104 
50 002-104 


50 004-29 


50 004-029 


50 004-030 


50 004-030 


50 002-102 


50 002-102 


50 002-103 


50 002-103 


50 002-175 


50 002-131 


( 50 002-131 


| 


50 004-043 


GENERAL 


Type designation 
Rating systems 
Letter symbols 

SOAR curves 
S-parameters 


TYPE 
DESIGNATION 


PRO ELECTRON TYPE DESIGNATION CODE 
FOR SEMICONDUCTOR DEVICES 


This type designation code applies to discrete semiconductor devices — as opposed to integrated 
circuits —, multiples of such devices and semiconductor chips. 


A basic type number consists of: 
TWO LETTERS FOLLOWED BY A SERIAL NUMBER 


FIRST LETTER 
The first letter gives information about the material used for the active part of the devices. 


A. GERMANIUM or other material with band gap of 0,6 to 1,0 eV. 

B. SILICON or other material with band gap of 1,0 to 1,3 eV. 

C. GALLIUM-ARSENIDE or other material with band gap of 1,3 eV or more. 
R. COMPOUND MATERIALS (e.g. Cadmium-Sulphide). 


SECOND LETTER 
The second letter indicates the function for which the device is primarily designed. 


. DIODE; signal, low power 

DIODE; variable capacitance 

TRANSISTOR; low power, audio frequency (Rth j-mb > 19 °C/W) 

. TRANSISTOR; power, audio frequency (Rth j-mb < 15 °C/W) 

DIODE; tunnel 

TRANSISTOR; low power, high frequency (Rth j-mb > 15 °C/W) 

. MULTIPLE OF DISSIMILAR DEVICES — MISCELLANEOUS; e.g. oscillator 
DIODE; magnetic sensitive 

TRANSISTOR; power, high frequency (R¢h j-mb < 15 OC/W) 

. PHOTO-COUPLER 

RADIATION DETECTOR; e.g. high sensitivity phototransistor 

. RADIATION GENERATOR; e.g. light-emitting diode (LED) 

. CONTROL AND SWITCHING DEVICE; e.g. thyristor, low power (Rth j-mb > 15 °C/W) 
TRANSISTOR; low power, switching (Rth j-mb > 15 °C/W) 

CONTROL AND SWITCHING DEVICE; e.g. thyristor, power (Ry, j-mb S15 0C/W) 

. TRANSISTOR; power, switching (Rth j-mb < 15 OC/W) 

. DIODE: multiplier, e.g. varactor, step recovery 

. DIODE; rectifying, booster 

DIODE; voltage reference or regulator (transient suppressor diode, with third letter W) 


N<xXCH”%DOVTZrToanmooOpD 


March 1978 1 


TYPE 
DESIGNATION 


SERIAL NUMBER 


Three figures, running from 100 to 999, for devices primarily intended for consumer equipment. 
One letter (Z, Y, X, etc.) and two figures, running from 10 to 99, for devices primarily intended for 
industrial/professional equipment. 

This letter has no fixed meaning except W, which is used for transient suppressor diodes. 


VERSION LETTER 


It indicates a minor variant of the basic type either electrically or mechanically. The letter never has a 
fixed meaning, except letter R, indicating reverse voltage, e.g. collector to case or anode to stud. 


SUFFIX 


Sub-classification can be used for devices supplied in a wide range of variants called associated types. 
Following sub-coding suffixes are in use: 


1. VOLTAGE REFERENCE and VOLTAGE REGULATOR DIODES: OWE LETTER and ONE 
NUMBER 
The LETTER indicates the nominal tolerance of the Zener (regulation, working or reference) voltage 
A. 1% (according to IEC 63: series E96) 
B. 2% (according to IEC 63: series E48) 
C. 5% (according to IEC 63: series E24) 
D. 10% (according to IEC 63: series E12) 
E. 20% (according to IEC 63: series E6) 
The number denotes the typical operating (Zener) voltage related to the nominal current rating for 
the whole range. 
The letter ‘V’ is used instead of the decimal point. 


2. TRANSIENT SUPPRESSOR DIODES: ONE NUMBER 
The NUMBER indicates the maximum recommended continuous reversed (stand-off) voltage Vp. The 
letter ‘V’ is used as above. 


3. CONVENTIONAL and CONTROLLED AVALANCHE RECTIFIER DIODES and THYRISTORS: 
_ ONE NUMBER 
The NUMBER indicates the rated maximum repetitive peak reverse voltage (VR Rp) or the rated 
repetitive peak off-state voltage (Vp Ry), whichever is the lower. Reversed polarity is indicated by 
letter R, immediately after the number. 


4. RADIATION DETECTORS: ONE NUMBER, preceded by a hyphen (—) 
The NUMBER indicates the depletion layer in um. The resolution is indicated by a version LETTER. 


5. ARRAY OF RADIATION DETECTORS and GENERATORS: ONE NUMBER, preceded by a stroke 
(/). 


The NUMBER indicates how many basic devices are assembled into the array. 
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RATING SYSTEMS 


The rating systems described are those recommended by the International Electrotechnical Commission 
(IEC) in its Publication 134. 


DEFINITIONS OF TERMS USED 
Electronic device. An electronic tube or valve, transistor or other semiconductor device. 


Note 
This definition excludes inductors, capacitors, resistors and similar components. 


Characteristic. A characteristic is an inherent and measurable property of a device. Such a property 
may be electrical, mechanical, thermal, hydraulic, electro-magnetic, or nuclear, and can be expressed 
as a value for stated or recognized conditions. A characteristic may also be a set of related values, 
usually shown in graphical form. 


Bogey electronic device. An electronic device whose characteristics have the published nominal values 
for the type. A bogey electronic device for any particular application can be obtained by considering 
only those characteristics which are directly related to the application. 

t 


Rating. A value which establishes either a limiting capability or a limiting condition for an electronic 
device. It is determined for specified values of environment and operation, and may be stated in any 
suitable terms. 


Note 
Limiting conditions may be either maxima or minima. 


Rating system. The set of principles upon which ratings are established and which determine their 
interpretation. 


Note 
The rating system indicates the division of responsibility between the device manufacturer and the 
circuit designer, with the object of ensuring that the working conditions do not exceed the ratings. 


ABSOLUTE MAXIMUM RATING SYSTEM 


_ Absolute maximum ratings are limiting values of operating and environmental conditions applicable to 
any electronic device of a specified type as defined by its published data, which should not be exceed- 
ed under the worst probable conditions. 


These values are chosen by the device manufacturer to provide acceptable serviceability of the device, 
taking no responsibility for equipment variations, environmental variations, and the effects of changes 
in operating conditions due to variations in the characteristics of the device under consideration and 
of all other electronic devices in the equipment., 


The equipment manufacturer should design so that, initially and throughout life, no absolute maximum 
value for the intended service is exceeded with any device under the worst probable operating con- 
ditions with respect to supply voltage variation, equipment component variation, equipment control 
adjustment, load variations, signal variation, environmental conditions, and variations in characteristics 
of the device under consideration and of all other electronic devices in the equipment. 
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DESIGN MAXIMUM RATING SYSTEM 


Design maximum ratings are limiting values of operating and environmental conditions applicable to a 
bogey electronic device of a specified type as defined by its published data, and should not be exceed- 
ed under the worst probable conditions. 


These values are chosen by the device manufacturer to provide acceptable serviceability of the device, 
taking responsibility for the effects of changes in operating conditions due to variations in the charac- 
teristics of the electronic device under consideration. 


The equipment manufacturer should design so that, initially and throughout life, no design maximum 
value for the intended service is exceeded with a bogey device under the worst probable operating 
conditions with respect to supply voltage variation, equipment component variation, variation in 
characteristics of all other devices in the equipment, equipment control adjustment, load variation, 
signal variation and environmental conditions. 


DESIGN CENTRE RATING SYSTEM 


Design centre ratings are limiting values of operating and environmental conditions applicable to a 
bogey electronic device of a specified type as defined by its published data, and should not be exceed- 
ed under normal conditions. 


These values are chosen by the device manufacturer to provide acceptable serviceability of the device 

in average applications, taking responsibility for normal changes in operating conditions due to rated 
supply voltage variation, equipment component variation, equipment control adjustment, load variation, 
signal variation, environmental conditions, and variations in the characteristics of all electronic devices. 


The equipment manufacturer should design so that, initially, no design centre value for the intended 
service is exceeded with a bogey electronic device in equipment operating at the stated normal supply 
voltage. 
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LETTER SYMBOLS 


LETTER SYMBOLS FOR TRANSISTORS AND SIGNAL DIODES 
based on IEC Publication 148 


LETTER SYMBOLS FOR CURRENTS, VOLTAGES AND POWERS 


Basic letters 


The basic letters to be used are: ; 


I, i =current 
V,Vv = voltage 
P, p = power. 


Lower-case basic letters shall be used for the representation of instantaneous values. 
which vary with time. 
In all other instances upper-case basic letters shall be used. 


Subscripts 

A,a Anode terminal 

(AV), (av) Average value 

B, b Base terminal, for MOS devices: Substrate =m 
(BR) Breakdown 
Cc Collector termina] 
D,d. Drain terminal ™ 
E,e Emitter terminal 

F, f Forward 

G,g Gate terminal 

K, k Cathode terminal 

M,m Peak value 

O,0 As third subscript: The terminal not mentioned is open circuited 

R,r As first subscript: Reverse. As second subscript: Repetitive. 


As third subscript: With a specified resistance between the terminal 
not mentioned and the reference terminal. 
(RMS), (rms) R.M.S. value 
As first or second subscript: Source terminal (for FETS only) 
5S, 8 As second subscript: Non-repetitive (not for FETS) 
As third subscript: Short circuit between the terminal not mentioned 
and the reference terminal 
As X Specified circuit 
Z,Z Replaces R to indicate the actual working voltage, current or power 
of voltage reference and voltage regulator diodes. 


? 


Note: No additional subscript is used for d.c. values. 
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LETTER SYMBOLS 


Upper-case subscripts shall be used for the indication oft 
a) continuous (d.c.) values (without signal) 
Example Ip 


b) instantaneous total values 
Example ip 


c) average total values 
Example Ipay) 


d) peak total values 
Example Ipy 


e) root-mean-square total values 


Example Ta(RMS) 


Lower-case subscripts shall be used for the indication of values applying to the varying 
component alone : 


a) instantaneous values 
Example ip 


b) root-mean-square values 


c) peak values 
Example Ibm 


d) average values 


Example Ipav) 


Note: If more than one subscript is used, subscript for which both styles exist shall 
either be all upper-case or all lower-case. 


Additional rules for subscripts 


Subs cripts for currents 


Transistors : If it is necessary to indicate the terminal carrying the current, this should 
be done by the first subscript (conventional current flow from the external 
circuit into the terminal is positive). 


Examples: Ip, ip, ip, Ibm 


Diodes : ' To indicate a forward current (conventional current flow into the anode 
terminal) the subscript F or f should be used; for a reverse current 
(conventional current flow out of the anode terminal) the subscript R or r 
should be used. 


Examples: Ip, Ip, ig, Igrms) 
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LETTER SYMBOLS 


Subscripts for voltages 


Transistors: If it is necessary to indicate the points between which a voltage is meas- 
ured, this should be done by the first two subscripts. The first subscript 
indicates the terminal at which the voltage is measured and the second the 
reference terminal or the circuit node. Where there is no possibility of 
confusion, the second subscript may be omitted. 


Examples: Ver VBR Vins een 


Diodes: To indicate a forward voltage (anode positive with respect to cathode), the 
subscript F or f should be used; for a reverse voltage (anode negative with 
respect to cathode) the subscript R or r should be used. 


F’ VR? ee Vass 


Examples: V 
Subscripts for supply voltages or supply currents 


Supply voltages or supply currents shall be indicated by repeating the appropriate term- 
inal subscript. 


Examples: Voc log 


Note: If it is necessary to indicate a reference terminal, this should be done by a third 
subscript 


Example: Vocr 


Subscripts for devices having more than one terminal of the same kind 


If a device has more than one terminal of the same kind, the subscript is formed by the 
appropriate letter for the terminal followed by a number; in the case of multiple sub- 
scripts, hyphens may be necessary to avoid misunderstanding. 


Examples: Ino = continuous (d:c.) current flowing 
into the second base terminal 
V = continuous (d.c.) voltage between 
B2-E : 
. the terminals of second base and 
emitter 


Subscripts for multiple devices 


For multiple unit devices, the subscripts are modified by a number preceding the letter 
subscript; in the case of multiple subscripts, hyphens may be necessary to avoid mis- 
understanding. 


Examples: Toa = continuous (d.c.) current flowing 
into the collector terminal of the 
second unit 


= continuous (d.c.) voltage between 
the collector terminals of the 
first and the second unit. 


Vic-2c 
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~ LETTER SYMBOLS 


Application of the rules 


The figure below represents a transistor collector current as a function of time. It con- 
sists of a continuous (d.c.) current and a varying component. 


collector 
current 


TciRMs) 


c Tc(av) 
(no signal) 


Tom 


time 7265988 


LETTER SYMBOLS FOR ELECTRICAL PARAMETERS 
Definition 


For the purpose of this Publication, the term "electrical parameter” applies to four- 
pole matrix parameters, elements of electrical equivalent circuits, electrical impedan- 
ces and admittances, inductances and capacitances. 


Basic letters 


The following is a list of the most important basic letters used for electrical parameters 
of semiconductor devices. 


: . B,b = susceptance; imaginary part of an admittance 
C = capacitance 
G,g = conductance; real part of an admittance 
H,h = hybrid parameter 
L = inductance 
R,r = resistance; real part of an impedance 
X,X = reactance; imaginary part of an impedance 
Y,y = admittance; 


Z,Z = impedance; 
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Upper-case letters shall be used for the representation of: 


a) electrical parameters of external circuits and of circuits in which the device forms 
only a part; 


b) all inductances and capacitances. 

Lower-case letters shall be used for the representation of electrical parameters inher- 
ent in the device (with the exception of inductances and capacitances). 

Subscripts 


General subscripts 


The following is a list of the most important general subscripts used for electrical para- 
meters of semiconductor devices: 


Pct = forward; forward transfer 
I,i (or 1) = input 

i ee = load 

O, o (or 2) = output 

R,r = reverse; reverse transfer 
5S, s = source 


‘Examples: Z., h,, h 


The upper-case variant of a subscript shall be used for the designation of static (d.c.) 
values. 


DS Fs Fs 

Examples : Dor = static value of forward current transfer ratio in common- —— 
emitter configuration (d.c. current gain) a 

Re = d.c. value of the external emitter resistance. <r 


Note: The static value is the slope of the line from the origin to the operating point on 
the appropriate characteristic curve, i.e. the quotient of the appropriate electri- 
cal quantities at the operating point. 


The lower-case variant of a subscript shall be used for the designation of small-signal 
values. 


Examples: Deg = small-signal value of the short-circuit forward 
current transfer ratio in common-emitter confi- 
guration 

Z. = R. +e JX, = small-signal value of the external impedance 


Note: If more than one subscript is used, subscripts for wnich both styles exist shall 
either be all upper-case or all lower-case 


Examples: Dep Yep Nee 
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Subscripts for four-pole matrix parameters 


The first letter subscript (or double numeric subscript) indicates input, output, forward 
transfer or reverse transfer 
Examples: h, (or h, ,) 
11 
h (or h,,) 
O oe 
h. (or h 
nf (oe fn) 
ae 
A further subscript is used for the identification of the circuit configuration. When no 
confusion is possible, this further subscript may be omitted. 


het 


Examples: hee (or Doe)» hog (or Nop 


Distinction between real and imaginary parts 


If it is necessary to distinguish between real and imaginary parts of electrical parame- 
ters, no additional subscripts should be used. If basic symbols for the real and imagina- 
ry parts exist, these may be used. 


Examples: Z, =R, + jx, 
i i i 


Yte ~ Bfe " Ie. 
If such symbols do not exist or if they are not suitable, the following notation shall be 


used: 
Examples: Re (h, etc. for the real part of hs 


Im (h etc. for the imaginary part of hey 


6 February 1974 


SOAR 


TRANSISTOR SAFE OPERATING AREA 


N 


lf a power transistor is to give reliable service, four operating limits must be observed: 


— Maximum collector current. 

— Maximum collector-emitter voltage. 
— Maximum power dissipation. 

— Second breakdown limit. 


These limits are all specified in the data sheets; the purpose here is to enable designers to make the 
best use of that information. 


Collector current 


Maximum collector current cma is specified in the data sheets for d.c. operation. For pulsed 
operation a higher collector current Icmax is permitted, for a defined maximum pulse length (usually 
10 ms) and duty factor (usually 0,01). 


For power switching transistors |@sq+ is given; this is the value at which switching times and saturation 
voltage is measured. 


Collector-emitter voltage 


Maximum collector-emitter voltage VcEQ is also specified in the data sheets, but no extension is 
allowed for pulsed operation. In the case of power transistors specifically designed for switching 
inductive loads some extension may be allowed, but then only under specified conditions of collector 
current, base-emitter voltage and emitter-base resistance as stated in the relevant data sheets. 


Power dissipation 


Maximum power dissipation Pio¢ max is specified in the data sheets for a given mounting base 
temperature. This is usually 25 °C but may be any, much higher temperature. Prot max applies up to 
the stated temperature; above it derating must be applied. A power derating curve of the form shown 
in Fig. 1a and 1b given in the data sheets. With it, maximum allowable power dissipation can be 
calculated for any mounting base temperature up to Tj max- 
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Total power dissipation is given by 


Prot = '!cVce + IBVBE: 


The second term can usually be disregarded, so Ptgy ~ ICVCE. 
Heat dissipated in the collector-base junction flows through the thermal resistance between junction 
and mounting base, see Fig. 2. 


junction Ee eng 
base 
j Rthj—-mb mb 


Prot —> O———{L_}——0 — Pio 


7289359 


Fig. 2 Heat transport in a transistor with power 
dissipation constant with respect to time. 


By analogy with Ohm’s law, under steady-state conditions (d.c. operation) 


ae 


T; — Tmb 
Prot = Ba, 
th j-mb 


There are two limitations to Prot 
— When Tmb S Tmb spec 

P, ; 2 ATj-mb max 

; _ __i-mb max 


ATj max — Tmb 


Ptot max = Rthj ae 


Tmb spec being the mounting base temperature at which Piot max is specified in the data sheets, and 


ATj-mb max = Tj max — Tmb spec 


For pulsed operation a higher dissipation is permitted, because 


— the junction does not have time to heat up fully unless the pulses are so long as to approximate 
steady-state conditions; 

— the junction has time wholly or partly to cool down in the interval between pulses, except with very 
high duty factors. 
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Analogy with 
ae MeL 
tot Rthj-mb 
yields 


tot © Zhe mb 


where Pio jy is the total pulsed power and Z¢h j-mb is the thermal impedance between junction and 
mounting base. Thermal impedance depends on pulse duration t,, and duty factor 6 = tp/T. T is the 
pulse period. A family of curves of thermal impedance against pulse duration with duty factor as 
parameter is shown in Fig. 3. 


72730191 


Rth y-mb 


Z+, (6=1) curve 
made to coincide 
with Rihy-mb curve 


pulse duration t, 


Fig. 3 A typical family of Z;p, j-mb Curves for a power transistor. 


Similar limitations apply as in the steady-state conditions: 


Tj-mb max 
Zth j-mb 


PLot M max = 


_ Tj max — Tmb 
Ptot M max = ar eae 
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In essence, at or below Tmb spec there is a fixed limit to Prot max: above Tmb spec: Ptot M max 
declines linearly with increasing mounting base temperature. As illustrated in Fig. 4, for non-rectangular 


pulses 
t2 


Ptot max * tp = i P: tp. 
ty 


7289360 
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Fig. 4. 


Second breakdown 


In the forward-biased condition second breakdown is thermally triggered. Consider the chip as a large 
number of elemental transistors in parallel, some of which will have a lower forward voltage drop than 
others. Current will tend to concentrate in these, raising their temperature and further lowering their 
forward voltage drop. Current will concentrate still further, leading to local overheating and eventually 
to a short circuit between emitter and collector. This effect is independent of mounting base tempera- 
ture, which is related to the average junction temperature. Under reverse-bias conditions, when Vcg is 
greater than VcEQmax, the chance of second breakdown is always present. This is a particular hazard 


in timebase and converter applications. 
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THE SOAR BOUNDARIES 


SOAR 


The four limits just described form the boundaries of the Safe Operating ARea. Figure 5 shows a 
SOAR plotted on a log-log grid. The right-hand boundary is formed by VcEQmax, which extends up 
to a collector current of about 300 mA. Above this point, as Ic is increased Vcf must be reduced to 


prevent second breakdown. 


The upper boundary is formed by Icmax, which extends to where the product of I¢max and VcE 
equals the maximum allowable power dissipation. From this point |¢ must be reduced with increasing 
Vce, thus forming the maximum power dissipation boundary. The maximum power dissipation 
boundary normally intersects the second breakdown boundary at some point. However, for values of 
Tmb above Tmbspec: Ptot max Must be reduced (as shown by the broken line in Fig. 5), so that the 
boundary of maximum power dissipation intersects the second breakdown boundary at a lower point. 
With high values of Trp, the second breakdown boundary may be excluded altogether. 
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Fig. 5 A typical SOAR graph with boundaries named. 


EXTENDING THE SOAR FOR SINGLE-SHOT AND REPETITIVE PULSED OPERATION 


The data sheets for power transistors contain, apart from the d.c. SOAR, a set of curves that apply 
under specific pulse conditions. These will cover some 90% of applications. In addition to these, 
SOAR curves can be constructed by the circuit designer for specific operating conditions. The various 
extensions dealt with below will refer to Figs 5,6 and 8. 
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SOAR 


'CMmax 

The extent to which the !|¢ boundary can be extended for pulse operation depends on pulse duration 
and duty factor, the limit being Icnjmax, which applies at a duty factor of 0,01 and a pulse length of 
20 ms or less. Together the !C)imax 29d VcEQmax boundaries form a rectangle that in no circumstance 
should be exceeded. Moreover, the rectangle may be reduced by further restrictions imposed by power 
dissipation and second breakdown. The example shown in Fig. 6 is for an Ic)jmax Of 12 A and a 
VCEOmax Of 60 V. 
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Fig. 6 Maximum collector current and 
collector-emitter voltage boundaries. 
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Prot max 
The Pitot max boundary given in the data sheet usually applies to: 


Tmb = 25 °C; 6 = 0,01 and tp = a range of values, say, 5 us to 2 ms. 


For any deviations from these values a new Prot max boundary must be constructed. 
From 


Tj max — Tmb - 


Prot Mmax = Dee 
j-m 


Tj max is stated in the data sheets; Zt} j-mb can be read from the curve, similar to Fig. 3, also given in 
the data sheets. Thus Piot imax can be calculated and an appropriate boundary can be drawn in the 
SOAR curve parallel to the Prot max line. An example will illustrate this. Assume: 


Tj max = 150 °C; Tmb spec = 25 °C; tp = 0,2 ms and 6 = 0,1. 
From Fig. 7, 2th j-mb = 0,42 K/W for the given values of ty and 6. 


150 — 80 
PtotMmax = —gqa ~ 166 W. 


Thus from an arbitary point (say 8,3 A, 20 V) we can draw a line parallel to the Prot max line 
(see Fig. 6). 
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Fig. 7 Transient thermal impedance for example. 
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Second breakdown 
The permissible extension to the second breakdown boundary is found with the aid of two multi- 
plying factors: 

My — the voltage multiplying factor 

M, — the current multiplying factors.* sy 


Curves for these two factors are given in the data sheets as functions of pulse time with duty factor as 
parameter (see Fig. 8). ; 
7280197 
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Fig. 8 Second breakdown multiplying factors as a function 
of pulse time, with duty factor as a parameter. 


My is used to calculate the point on the VcEQmax boundary at which voltage derating must 


commence as Ic increases. Similarly, My is used to calculate the point on the Icnjmax line at which 
current derating must commence as Vc increases. 


* Prior to 1973 My was known as Mgp(|) and M, as Mspyy). 
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Referring to Fig. 9,.where B is the point on the VcEQmax boundary at which voltage derating 
commences, B’ can be calculated by: 


Ic(B’) = lc(B) x My. 
Similarly for Ic; although here A, the point on the I¢ curve at which current derating commences, is 


first determined by extending the second breakdown boundary to where the two would intersect if 
Prot max did not intervene. A’ is then given by 


VcaA(S') = VCE(A) X My. 
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Fig. 9 Construction of the pulse operating area. 


An example is worked in Fig. 9 for ty = 0,2 ms and 6 = O,1. 
From Fig. 8, My = 2,4 and M = 7,3: 


Ic(p’) = 0,22x7,3=1,6A 
VCE(A’) = 13x 2,4 = 31 V. 


These two points are then joined as in Fig. 9. 
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PULSE TRAINS AND COMPOSITE WAVEFORMS 


Straightforward techniques exist for calculating the thermal and second breakdown effects of pulse 
trains and composite waveforms. 


Thermal considerations 


Consider a train of rectangular pulses as shown in Fig. 10. The junction will alternately heat and partly 
cool until a steady-state temperature is reached as shown in the lower part of Fig. 10. To approximate 
the final junction temperature only the effects of the first two or three pulses need be considered. 
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Fig. 10 The heating effect of three equidistant, equal-magnitude 
pulses. Tj av is the average junction temperature. P = 100 W, 
ty = 100 us; T = 1 ms and 6 = O,1. 
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f(tp). 


Fig. 11 Curve of Zth j-mb 
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The same procedure can be used for long or continuous pulse trains, but calculating for a large number 
of pulses is very tedious. A sufficiently close approximation can be made by calculating for two pulses, 
assuming that the first is preceded by a continuous pulse of Pa, as shown in Fig. 12. By this method 


ATj = ATh av + ATH — ATc1 + ATH. 
The calculations are then made as before. To remove any doubt as to the closeness of the approxima- 
tion the effect of a third pulse can be calculated. Composite waveforms can be treated similarly: divide 


the composite waveform into equivalent rectangular pulses and calculate the junction temperature 
accordingly. 


power 


AT; 


actual Tj 
ripple 


—e 


Tamb 
) | ) | 7254038 2 


Fig. 12. 


Figure 13 shows the current, voltage and power waveforms of the out put transistor in a television 
receiver vertical output stage. P+>4 has been divided into four equivalent rectangular parts having the 
same peak values and energy content as the original waveform. 
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Protav = P1641 + Pa69 + P363 + P4dq 
= (16 x 0,003) + (13 x 0,11) + 
+ (5,2 x 0,66) + (40 x 0,0007) 
= 4,936 W. 


Assuming that the Ry, j-mb for the transistor is 2,5 K/W, the average rise in mounting base temperature 
will be about 12,5 °C, 
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Fig. 13 Power waveforms showing their division into rectangular pulses 
and the junction temperature variations which they cause. 
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Using the same method as for pulse trains, peak temperatures at the end of each pulse can be calcul- 


ated by 


Tj-mb(t1) = PavRth j-mb — Pav2th j-mb(16,1 ms) + P12th(16,1 ms): 


For the temperature at the end of the second pulse (tz) two further terms are added: 


—P12th(16,04 ms) + P24th(16,04 ms): 


For tg yet another two terms: 


—P32+h(13,02 ms) + P42th(13,03 ms): 


For each successive pulse a negative term (end of the previous pulse) and a positive term (start of the 
succeeding pulse) are added. Calculated temperatures are shown in Table 1: note that the highest 
temperature is reached at the end of pulse 2 (t3). Even assuming a Tb of 100 °C, Tj will remain 
within the Tj max Of 150 °C specified for this transistor. 


TABLE 1 Calculated temperatures for the power waveform of Fig. 13. 


time t4 t2 t3 t4 
ATj-mb 8,54 11,34 18,1 


EXAMPLE OF A SOAR CALCULATION 


12,76 


tc tg(ts) 
12,3 8,54 oC 


To illustrate the foregoing we will take the example of a BU426A transistor operating in a 200 W 


switched-mode power supply (SMPS). 


Waveforms of collector current, collector-emitter voltage and power dissipation are shown in Figs 14, 
15 and 16. These are translated into an equivalent rectangular pulse train in Fig. 17. This wil! enable 
us to calculate peak junction temperature at any instant. 
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Fig. 14 Collector-current and collector-emitter 
voltage waveforms of a BU426A transistor in a 
200 W SMPS. 
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Fig. 15 Waveforms during turn-on and turn-off 
(lower part). 


The duration of this equivalent pulse train is then given by 
Protav x T to 
ty = pT and 6’ = T 


First, from Fig. 17, heating and cooling pulses are plotted as in Fig. 18. Parameters are then tabulated 


as shown: 

Pturn-on = 66W Psat == 10W Prurn-off = 56 W 

ty on = 0,8 us tosat = 2,2 us ty off = 0,6 us 
turn-on saturation turn-off 7289363 
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Vv 
i 


aN 


S 


Fig. 16 Power loss and resultant rectangular 
power pulses. 
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to1 (188s) 
Psat tp2 (16,6us) 
Pturn-off tp4 (13,8us) | 
cooling Fig. 18. 
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From Fig. 17 we can determine 5p and ty for each condition and from the BU426 data sheets the 
relevant Zth. 


From 
ATj = ATh1 — ATg1 + ATH? — ATe2 + ATH 


ATj-mb(ta) = (Psat X Zth(tp1)) — (Psat x Zth(tp2)) + 
+ (Pturn-off X Zth(tp3)) — (Pturn-off X Zth(tp4)) + (Pon X Zth(tp on)) 
ATj-mb(ta) = 10(1,05 — 0,95) + 56(0,83 — 0,8) + 66(0,06) = 7,76 K. 


Thus, at time tg the peak junction temperature is 7,76 K higher than the average mounting base 
temperature. The ATj-mb arising from the other power pulses can be calculated in the same way. 


Average mounting base temperature depends on the size of the heatsink, ambient temperature 
(T,) and average dissipation. 


From 
Prot av = Son X Pon + Ssat X Psat + Sturn-off X Pott 


= 0,04 x 66+ 0,11 x 10+ 0,03 x 56 =5,4 W. 


Assuming a maximum mounting base temperature of 100 °C and an ambient temperature of 60 °C 
the thermal resistance of the heatsink required will be 


If this is the case, the peak junction temperature at the end of the turn-on power pulse will be 
107,76 °C, which is well within the maximum allowable junction temperature of 150 °C. 


The pulse SOAR can be calculated using M, My and 2; factors as described earlier. The turn-on, 
saturation and turn-off power pulses should be combined into a single pulse of amplitude P’ equal 
to the highest amplitude power pulse (here, Poy) and duration tp. 


tp + 5’T = 1,64 us. 


From the BU426A data, for this power pulse Zth j-mb = 0,10 K/W; My © 12; My ~ 7,5; 
VcE(A’) = 7,9 x 12 = 90 V; Ic(p’) = 12 x 40 = 480 mA. 
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ear = 
3 mb _ 150 100 _ 500 w. 


Ptot max Zthj-mb: 0,1 


SOAR 


The relevant pulse SOAR is shown in Fig. 19, in which the operating point for the full cycle has also 


been plotted. It can be seen that it remains well within the SOAR. 
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Fig. 19 Safe Operating ARea BU426A at Tryp S73 OC. ) 
| Region of permissible d.c. operation. 


11 Permissible extension for repetitive pulse operation. 


Ii! Area of permissible operation during turn-on in single-transistor converters, provided 


Ree < 100 22 and ty < 0,6 us. 


IV Repetitive pulse operation in this region is permissible, provided Vge <0 and tp <2 ms. 


(1) Prot max @Nd Poeak max lines. 
(2) Second-breakdown limits (independent of temperature). 
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S-PARAMETERS 


SCATTERING PARAMETERS 


In distinction to the conventional h, y and z-parameters, s-parameters relate to travel- 
ling wave conditions. The figure below shows a two-port network with the incident and 


reflected waves aj, bj, a9 and bo. 


ee ee Vi2 

sl 2° 
VZo VZo ly 
Vv V 

by 7 rl by _ r2 


Zo = characteristic impedance of the transmission line in which the two-port is 
connected. 


Vj = incident voltage 


Vr = reflected (generated) voltage 


‘Uhe four-pole equations for s-parameters are: 
bj = $4121 = $1249 
bg = 82141 + 82282 


Using the subscripts ifor 11, r for 12, f for 21 and o for 22, it follows that: 


by 

Si 11 ay ay = 0 
by 

Sy ~ 12“ ay ay = 0 
bg 

"¢ 821 ay ag = 0 
bg 

"0 © $22" ay a, =0 


1) The squares of these quantities have the dimension of power. 
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_$-PARAMETERS 


S-parameters can be named and expressed as follows: ‘ 


= Input reflection coefficient. \ 


The complex ratio of the reflected wave and the incident wave at the input, 
under the conditions Z; = Z,) and Vg9 = 0. 


Pi 


S12 = Reverse transmission coefficient. 
The complex ratio of the generated wave at the input and the incident wave at 


the output, under the conditions Z, = Z, and V,, = 0. 


S91 = Forward transmission coefficient. 
The complex ratio of the generated wave at the eepet and the incident wave at 
the input, under the conditions Z; = Z, and Veo = 0 


= S99 = Output reflection coefficient. 


The complex ratio of the reflected wave and the incident wave at the output, 
under the conditions Z, = Z, and Vg] = 0. 
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TO-92 VARIANT TRANSISTORS ON TAPE 


MECHANICAL DATA Dimensions in mm 
Fig. 1 (see table below). ip P ~ 


Specifications 


4,0 48 


Body width Ay : 
Body height A 48 5,2 
Body thickness T 3,9 4,2 
Pitch of component P 12,7 aa 
Feed hole pitch Po 12,7 +03 {| Cumulative pitch error 
1,0 mm/20 pitch 
Feed hole centre to To be measured at 
component centre 2 6,35 208 bottom of clinch 
+ 

Distance between outer leads F 5,08 ae 
Component alignment Ah 0 1 At centre of body 
Tape width W 18 +05 
Hold-down tape width Wo 6 +0,2 

a + 0,7 
Hole position W4 9 25 
Hold-down tape position W9 0,5 + 0,2 
Lead wire clinch height Ho 16 + 0,5 
Component height H4 32,25 
Length of snipped leads L 11,0 
Feed hole diameter Do 4 +0,2 
Total tape thickness t 1,2 t4 0,3-0,6 

+ 

Lead-to-lead distance F4, Fo 2,54 one 
Clinch height H9 3 
Pull-out force (p) 6N 


BAH y 
PHEEE d 
4c O# 3 
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TAPE 


PACKING 
The transistors are supplied on tape in boxes (ammopack) or on reels. The number per box or reel is 
1600. a ti 55 max round or octogonal 
015 
min 
2360 Y_ 
max , 


detail A 


7286091 


direction of unreeling ——» 


Fig. 2 Dimensions (in mm) of reel and box. 


DROPOUTS 


A maximum of 0,5% of the specified number of transistors in each packing may be missing. Up to 3 
consecutive components may be missing provided the gap is followed by 6 consecutive components. 


November 1981 


TO-92 variant transistors on tape TAPE 


TAPE SPLICING 


Slice the carrier tape on the back and/or front so that the feed hole pitch (P,) is maintained (see Fig. 3). 


7286090 


pees! BO min —— = 


Fig. 3 Jointing tape with splicing patch. 
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TRANSISTOR DATA 
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BC107 to 109 


N-P-N transistors in TO-18 metal envelopes with the collector connected to the case. 
The BC107 is primarily intended for use in driver stages of audio amplifiers and in signal processing 
circuits of television receivers. 
The BC108 is suitable for multitude of low-voltage applications e.g. driver stages or audio preamplifiers 
and in signal processing circuits of television receivers. 
The BC109 is primarily intended for low-noise input stages in tape recorders, hi-fi amplifiers and other 
audio-frequency equipment. 
QUICK REFERENCE DATA 
Collector-emitter voltage (Ver = 0) VCES max. V 
Collector-emitter voltage (open base) VCEQ max. V 
Collector current (peak value) ICM max. mA 
Total power dissipation 
up to Tamb = 25 OC Prot max. mW 
Junction temperature qj max. oC 
Small-signal current gain at Tj = 25°C > 
Ilc=2mA; VcE=5V; f= 1 kHz hte < 
Transition frequency at f = 35 MHz 
Ic =10 mA; Vee =5V fT typ MHz 
Noise figure at Rg = 2 kQ ns 
Ic = 200 vA; VcE =5V secmanens 
= typ. dB — 
f = 30 Hz to 15 kHz y < dB — 
f= 1 kHz; B = 200 Hz F typ. dB 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-18. 
Collector connected 
to case 116 
ax 
aS 
anes Yost 
a 48 ~ 4max 
TE? max 
max 7 
53 ole 12,7 min ——> 
7269420.1 
Accessories: 56246 (distance disc). 
Products approved to CECC 50 002-076/078, available on request. <«— 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages BC107 |BC108 | BC109 
Collector -base voltage (open emitter) V 
Collector-emitter voltage (Var = 0) V 
Collector -emitter voltage (open base) V 
Emitter -base voltage (open collector) V 
Currents 

Collector current (d.c.) Ic max. 100 mA 
Collector current (peak value) IcmM max. 200 mA 
Emitter current (peak value) -Impm max. 200 mA 
Base current (peak value) IBM max. 200 mA 


Power dissipation 


Total power dissipation up to Tapp = 25 PC Prot max. 300 mW 
Temperatures : 
Storage temperature T stg -65 to+175 OC 
Junction temperature T; max. 175 
THERMAL RESISTANCE 
pa From junction to ambient in free air Rth j-a = 0.5 °C/mW 
mace From junction to case Rthj-c = 0.2 °C/mW 
CHARACTERISTICS — Tj = 25 °C unless otherwise specified 


Collector cut-off current 


Ip = 0; Vog = 20 V; Tj = 150 °C IcpoSCts« 15 wa 


Base-emitter voltage +) 


Ic = 2mA;Vop=5V VBE ‘ype. O20) any 


550 to 700 mV 
Ic = 10 mA; Vcg =5V Vee < 770 mV 


1) VBE decreases by about 2 mV/°C with increasing temperature. 
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BC107 to 109 


CHARACTERISTICS (continued) Tj = 25 °C unless otherwise specified 


Saturation voltages 1) 
typ. 90 mV 


Ic = 10 mA; Ip =0.5 mA VCEsat i 250 mV 


typ. 200 mV 
Ic = 100 mA;Ip= 5SmA VcEsat 2” a 
VBEsat typ. 900 mV 

Knee voltage 


Io = 10 mA; Ip = value for which 


typ. 300 mV 
Ic = 11 mA at VCR =z1V VCEK a 600 mV 
VCEK | Vee (V) 
7204802 
Collector capacitance at f = 1 MHz 
ip. te _ TDs 220. “DP 
In = le = 0; Veep =10V Co Z 4.5 pB - 
Emitter capacitance at f = 1 MHz — 
Ic =Ic = 0; Veg =0.5V | on typ. 9 pF ~ 
Transition frequency at f = 35 MHz 
Ic = 10 mA; VCR =5 V fT typ. 300 MHz 


Small signal current gain at f = 1 kHz 


Ic = 2 mA; VCR =5V hfe 


Noise figure at Rg = 2 kQ 
Ic = 200 uA; VoR=zSV 


f = 30 Hz to 15 kHz F 


f = 1 kHz; B = 200 Hz F 
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BC107 to 109 


CHARACTERISTICS (continued) / = 25 °C unless otherwise specified 


BC107A | BC107B | BC108C 
BC108A | BC108B | BC109C 
BC109B 


J 


D.C. current gain 


Ic = 10uUA; VeoRp=z5V hRR 


Ic =2 mA; VCE =5V hFRE 


h parameters at f = 1 kHz (common emitter) 


Ic =2 mA; VoR=5V 


Input impedance hie 
Reverse voltage transfer ratio hre 
Small signal current gain hfe 
Output admittance hoe 
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Typical behaviour of collector current versus collector-emitter voltage 
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Base current versus 
collector current 
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BC107 to109 


Typical behaviour of base current 
versus junction temperature 
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BC146 


SILICON PLANAR EPITAXIAL TRANSISTOR 


N-P-N transistor in a miniature plastic envelope designed for hearing aids, watches, etc. 


P-N-P complement is BC200. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) Vcpo 
Collector-emitter voltage (open base) VcEg 
Collector current (d.c.) Ic 
Total power dissipation 

UP tO Tamb = 45 PC Prot 
Junction temperature Tj 


D.C. current gain 
Ic = 0,2 mA; Veg = 0,5 V hFe 


Noise figure at Rg = 2 kQ 
Ic = 0,2 MA; Vee =5 V 
Bandwidth: f = 30 Hz to 15 kHz F 


MECHANICAL DATA 
Fig. 1 SOT-42. 


dot 
A 


1,8max 


v 


max. 
max. 
max. 


max. 
max. 


typ. 


BC146/01 | BC146/02 | BC146/03 


mW 
OC 


dB 
dB 


Dimensions in mm 


ees 0,29 
max 
ne ine 


RA 


Coloured dot on top of the black body indicates he¢ group: 


BC146/01 


red 


BC146/02 yellow 
BC146/03 green 


ee ar poem 12 Mint eee ens 
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MOUNTING INSTRUCTIONS 


To avoid damaging the transistor, welded or soldered connections must be made 
with care; the following general recommendations should be observed: 


1. The temperature of the soldering iron must be less than 250 °C and the soldering 
time less than 3 seconds at a lead length of not less than 1,5 mm. 

2. To keep the heat capacity low, the smallest possible amount of solder should be 
used, 

3. If the plastic capsule of the transistor makes contact with any other structure, 
care must be taken'that its temperature never exceeds 125 °C. 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages” 

Collector -base voltage (open emitter) VCBO max. 20 V 
Collector -emitter voltage (open base) VCEO max. 20 V 
Emitter -base voltage (open collector) VEBO max. 4 V 
Currents 

Collector current (d.c. ) IG max. 50 mA 
Collector current (peak value) Icom max. 50 mA 
Power dissipation 

Total power dissipation up to Tamp = 45 °C Prot max. 50 mW 
; emperature 

Storage temperature T stg -65to+125 °C 
junction temperature Es max, 125 oC 
THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a = 1,6 °C/mWw 


2 | August 1976 


CHARACTERISTICS 


Base-emitter voltage 


Ic = 0,2 mA; VcE =0,5 V 
Ic = 2 mA; VCE = EV. 


Knee voltage 


Ic = 2mA; Ip = value for which 
Ic = 2,2mA at Vop =1 V 


VcEK 
Collector capacitance at f = 1 MHz 
Ig =le = 0; Vep a5 V 


Transition frequency 
Ic = 2mA; Vcp =5 V 


D.C. current gain 
0,2mA; Vcr =0,5 V 


Ic 
l= 2mA;VcR= I1V 
Noise figure 

Ic = 0,2mA; Vep=z5V 

Rg = 2 kX 

Bandwidth: f = 30 Hz to 15 kHz 
h parameters at f = 1 kHz 

Ic = 0,2 mA; Vcr =0,5 V 

Input impedance 

Reverse voltage transfer ratio 

Small-signal current gain 


Output admittance 
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BC 146 
hFE 


hFE 


Tj = 25 °C unless otherwise specified 


VBE typ. 970 mV 
VBE typ. 630 mV 


typ. 180 mV 


VCEK 


7273351 


Vee (V) 


/O1 


typ. 115 


80 to 200 140 to 350 {| 280 to 550 


> 100 280 

typ. Z 2 dB 

< - dB 
typ. 20 45 kQ 
typ. 15 40 1074 
typ. 130 380 

typ. 15 35 pA/V 


BC146 
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base-emitter voltage versus 
Ic |collector 


pcm ae 
0 500 VpBe(mv) 1000 
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A.F. SILICON PLANAR EPITAXIAL TRANSISTORS 


P-N-P transistors in TO-18 metal envelopes with the collector connected to the case. 


BC177 to 179 


The BC177 is a high-voltage type and primarily intended for use in driver stages of audio amplifiers 
and in signal processing circuits of television receivers. 


The BC178 is suitable for a multitude of low-voltage applications e.g. driver stages or audio preamplli- 
fiers and in signal processing circuits of television receivers. 


The BC179 is primarily intended for low-noise input stages in tape recorders, hi-fi amplifiers and other 


audio-frequency equipment. 


Moreover, they are intended as complementary types for the BC107, BC108 and BC109. 


QUICK REFERENCE DATA 


Collector-emitter voltage (+ Vpe = 1 Vv) 
Collector-emitter voltage (open base) 
Collector current (peak value) 


Total power dissipation 
up to Tamb = 25 PC 


Junction temperature . 
Small-signal current gain at Tj = 25 oC 
—Ic=2mA;—Vcgp =5V; f= 1 kHz 
Transition frequency at f = 35 MHz 
—lc = 10 mA; —-Vcge=5V 
Noise figure at Rg = 2 kQ 
—lc = 200 pA; —-Vce=5V 
f = 30 Hz to 15 kHz 
f= 1 kHz; B = 200 Hz 


MECHANICAL DATA 


Fig. 1 TO-18. 

Collector 

connected uy & age? 
to case y, 


Accessories: 56246 (distance disc). 


—VCcEX max. 
—-VCEO max. 
—lom max. 
Prot max. 
Tj max. 
> 
hfe < 
tT typ. 
typ. 
F < 
F < 
rr Y 
48 
max 
v 


MHz 


dB 
dB 


dB 


Dimensions in mm 


53 ole — 12,7min ——> 


7269420.1 
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RATINGS Limiting vulues in accordance with the Absolute Maximum System (IEC 134). 


Voltages BC177|BC178}| BC179 
Collector-base voltage (open emitter) -VCBO | max. 50 25 V 
Collector-emitter voltage (+Vpp = 1 V) -VCEX max. 30 25 V 
Collector-emitter voltage (open base) ~VCEO max. 45 20 V 
Emitter-base voltage (open collector) -VEBO max. 5 5 V 
Currents 
Collector current (d.c.) -I¢ max. 100 mA 
Collector current (peak value) -IcM max. 200 mA 
Emitter current (peak value) — IgM max. 200 mA 
Power dissipation 
Total power dissipation up to Tamb = 25 OC Prot max. 300 mW 
Temperatures 
Storage temperature T stg -65 to +175 OC 
Junction temperature T; | max. 175 °C 
THERMAL RESISTANCE 
From junction to ambient in free air Rthj-a = 0.5 9C/mW 
— From junction to case Rthj-c = 0.2 0C/mW 
= __ CHARACTERISTICS 
Collector cut-off current 
Ig =O 3; -VcB=20V; Tj = 250°C -IcBO oo aa a 
Tj = 150 0c -IcBO < 10 wA 
Base -emitter voltage !) 
typ 650 mV 


i = oe = >is 0 is ; 
Ic = 2mA; -VCE = 5 V3T;=25 °C VBE 600 to 750 mV 


1) -VpR decreases by about 2 mV/°C with increasing temperature. 
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CHARACTERISTICS (continued) T; = 25 °C unless otherwise specified 


J 
Saturation voltages 


typ. 75+*mvV 
as - A; es = 0). — 
Ic 10 m Ip = 0.5 mA VCEsat 2 300 mv 
~VBEsat typ. 700 mV 
-Ic = 100 mA; -Ip= SmA -VCEsat typ. 250 mV 
-VBEsat typ. 850 mV 
Knee voltage 
-Ic = 10 mA; -Ip = value for which _y typ. 250 mV 
-Ic= ll mAat -Vcgp=1V CEK < 600 mv 
AGEK 72086468 7 Vee (V) 
Collector capacitance at f = 1 MHz 
Ip = le = 0; -Vcp = 10 V Co typ. 4.0 pF 
‘Transition frequency at f = 35 MHz — 
-Ic = 10 mA; -VcE=5V fT typ. 150 MHz — 
Small signal current gain at f = 1 kHz | BC177| BC178| BC179 


—“Ic= 2mA; -VcE=5V hfe 


Noise figure at Rg = 2 kQ° 
-Ic = 200 uA; -VcCR=z5V 


f = 30 Hz to 15 kHz F 


eh 
I 


1 kHz; B = 200 Hz F 


BE && 
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CHARACTERISTICS (continued) BC177 | BC178A4 | BC178B 


D.C. current gain BC179A | BC179B 
-Ic = 2 mA; -VCE=5V hFR 


Small signal current gain at f= 1 kHz 
-Ic = 2mA; -VCRE=5V hfe 


4 November 1968 
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Typical behaviour of collector current versus collector-emitter voltage 
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SILICON PLANAR EPITAXIAL TRANSISTOR 


P-N-P transistor in a miniature plastic envelope designed for hearing aids, watches, etc. 


N-P-N complement is BC146. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector current (d.c.) 


Total power dissipation 
Junction temperature 
D.C. current gain 

—Ic = 0,2 mA; —Vcg = 0,5 V 


Noise figure at Rg = 2 kQQ 
—Ilc =0,2 mA; —-VcE=5V 
Bandiwtdh: f = 30 Hz to 15 kHz 


MECHANICAL DATA 
Fig. 1 SOT-42. 


BC200/01 | BC200/02 | BC200/03 


mW 
OC 


dB 
dB 


Dimensions in mm 


ne 


v 
0,29 
st ay 


“e! lena SESS: AZ TM ee el 


Coloured dot on top of the black body indicates hee group: 


BC200/01_ red 
BC200/02 yellow 
BC200/03 green 


The flat side is blue to distinguish from BC146. 


October 1979 


BC200 


MOUNTING INSTRUCTIONS 


To avoid damaging the transistor, welded or soldered connections must be made with 

care; the following general recommendations should be observed: 

1. The temperature of the soldering iron must be less than 250 °C and the soldering 
time less than 3 seconds at a lead length of not less than 1,5 mm. 

2. To keep the heat capacity low, the smallest possible amount of solder should be used. 


' 3. If the plastic capsule of the transistor makes contact with any other structure, care 


must be taken that its temperature never exceeds 125 °C. 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages 

Collector -base voltage (open emitter) -VcBO max. 20 V 
Collector -emitter voltage (open base) -VCEO max. 20 V 
Emitter-base voltage (open collector) -VEBO max. 9 V 
Currents 

Collector current (d.c. ) -Ic max. 50 mA 
‘Collector current (peak value) -ICM max. 90 mA 


Power dissipation 


Total power dissipation up to Tamb = 45 °C Prot max. 50 mW 
Temperatures 

Storage temperature T stg -65 to +125 OC 
Junction temperature Tj max. 125 OC 


THERMAL RESISTANCE 


From junction to ambient in free air Rth j-a = 1,6 °C/mW 


2 August 1975 


CHARACTERISTICS T, = 25 °C unless otherwise specified 


Collector cut-off current 


In = 0; -Vop = 20 V -IcBo < 100 nA 

le = 0; -VeRg = 20 V; Tj = 125°C -IcBO < Dv: 
Base-emitter voltage 

=[co= 0,2 mA; =Veop= 0,5 V -VBE typ. 580 mV 

alge mA Vege: uv. -VBRE typ. 650 mV 


Knee voltage 
-Ic = 2mdA; -Ip = value for which 
“Iq = 2,2 mA at -Vap = 1V HV ORK typ. 200 mV 


7273352 


-VeeK 1 =Veg (V) 


Collector capacitance at f = 1 MHz 


[er de = 0; = VCR so: ¥ Ge typ. > pF 
Transition frequency at f = 100 MHz 
“IG MAPS Vom = =5.¥: fr 90 MHz 
D.C. current gain BC200 
ene _ _ typ. .75 140 250 
NGS epee VCE nee DFE 50 to 105 | 85 to 200}165 to 400 
“o>. 2mA; Vor = ob hFR > 60 100 175 
h parameters at f= 1 kHz 
~-Ic = 0,2 mA; -Vop =0,5 V 
Input impedance hie typ. 12 20 kQ 
Reverse voltage transfer ratio hre typ. 13 40 1074 
small-signal current gain hfe typ. 75 250 
Output admittance hoe typ. 13 33 pa! 
Noise figure 
“lar =O, 2.4; Vien = °9.V5 
Rg = 2 kQ 
Bandwidth: f = 30 Hz to 15 kHz F eo er 


August 1975 . | 3 
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BC327 
BC327A + 
BC328 


SILICON PLANAR EPITAXIAL TRANSISTORS 


P-N-P transistors in plastic TO-92 variant envelopes, primarily intended for use in driver and output 
stages of audio amplifiers. 


The BC327, BC327A, BC328 are complementary to the BC337, BC337A and BC338 respectively. <_ 


QUICK REFERENCE DATA 


<_4— 
Collector-emitter voltage (Vge = 0) --VCES max. 
Collector-emitter voltage (open base) —VCEQ max. 
| 
Collector current (peak value) —lem max. 1000 mA 
Total power dissipation up to Tamp = 25 OC Prot max. 800 mW 
Junction temperature Tj max. 150 oC 
Transition frequency at f = 35 MHz 
—lc =10mA;—VcE=5V tT typ. 100 MHz 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-92 variant. 
3 
2 = 
4 0,40 — 
A min 
7267146 1 
<—_— 


7270994 1 


diameter within 2,5max 
is uncontrolled 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-emitter voltage (VgE = 0) 


Collector-emitter voltage (open base) 
—lc=10mA 


Emitter-base voltage (open collector) 


Collector current (d.c.) 
Collector current (peak value) 
Emitter current (peak value) 
Base current (d.c.) 

Base current (peak value) 


Total power dissipation at Tampb = 25 PC 
up to Tamb = 25 PC 


Storage temperature 
Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 
From junction to ambient 


max. 


max. 


max. 


max. 
max. 
max. 
max. 
max. 


max. 
max. 


max. 


200 


625 
800 


—65 to + 150 
150 


0,2 
0,156 


BC327A | BC328 


K/mW 
K/mw* 


* Transistor mounted on printed circuit board, max. lead length 4 mm, mounting pad for collector 


lead min. 10 mm x 10 mm. 
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Silicon planar epitaxial transistors 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 
Collector cut-off current 
le = 0; —Vep = 20 Vi Tj = 259C 
le = 0; -Vcp = 20 V; Tj = 150°C 
Emitter cut-off current 
lc =0;-VeRp=5V 
Base emitter voltage* 
—I¢ = 500 mA; —VcE=1V 


Saturation voltage 
—Ic¢ = 500 mA; —lp = 50mA 


D.C. current gain 
—Ic¢ = 500 mA; —-VceE=1V 


—Ic¢ = 100 mA; —VcE=1V; BC327; BC328 
BC327A 


BC327-16 | 
BC328-16 


BC327-25 | 
BC328-25 


BC327-40 
BC328-40 


Transition frequency at f = 35 MHz 
—Ic=10mA;—-VcE=5V 
Collector capacitance at f = 1 MHz 
le =le=0;-Vcp=10V 
D.C. current gain ratio of matched pairs 
BC327/BC337; BC328/BC338 
IIc] = 100 mA; |Vcei=1V 


* —Vpe_e decreases by about 2 mV/9C with increasing temperature. 


~-ICBO 
—ICBO 


—-lEBO 


—VBE 


—-VCEsat 


hFE 
hFE 
NFE 


hFE 
hFE 
NEE 


fT 


Co 


typ. 
hee /hreg a 140 


< 100 
< 5 
< 10 
< 1,2 
< 700 
> 40 
100 to 600 
100 to 400 
100 to 250 
160 to 400 
250 to 600 
typ. 100 
typ. 8 
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Silicon planar epitaxial transistors 
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BC327 
BC327A 
BC328 


Silicon planar epitaxial transistors 


APPLICATION INFORMATION 


2,8 W transformerless audio-frequency amplifier with matched pair BC328/BC338 in complementary 
class-B output stage up to Tampb = 45 PC. 


18k0N 
Vo=+24V 


(25V) 


7 — 220 uF 
BZ X75-C1V4 
stabistor 


72606711 


Fig. 9. 
Performance at Vs = 24 V; Ry = 252 
Collector quiescent current of BC338 Ico typ. 1 mA 
Input voltage for P) = 50 mW Vj typ. 8 mV 
Input voltage for Pj; = 2,8 W Vi typ. 67 mV 
Output power at f = 1 KHZ; deo = 10% Pr typ. 2,8 W 
Frequency response (3 dB) 70 to 16 000 Hz 


This amplifier needs no external cooling fin, provided each output transistor is mounted with its leads 
not longer than 3 mm. The collector lead must, in addition, be soldered to a copper area of at least 
10 mm x 10 mm. (See page 2.) 
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APPLICATION INFORMATION (continued) 
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BC337 
BC337A ~=— 
BC338 


SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in plastic TO-92 variant envelopes, primarily intended for use in driver and output 


stages of audio amplifiers. 


The BC337, BC337A, BC338 are complementary to the BC327, BC327A and BC328 respectively. <— 


QUICK REFERENCE DATA 


Collector-emitter voltage (VpE = 0) 
Collector-emitter voltage (open base) 


Collector current (peak value) 
Total power dissipation up to Tamp = 25 OC 
Junction temperature 


Transition frequency at f = 35 MHz 
Ic =10mA; VcE=5V 


MECHANICAL DATA 
’ Fig. 1 TO-92 variant. 


7267145 


diameter within 2,5 max 
is uncontrolied 


<Q——— 
VCES 
VCEO 
ICM 
Prot max 800 mW 
Tj max 150 oC 
tT typ. 100 MHz 
Dimensions in mm 
4 0,40 — 
4 min 
<j 


72709941 


> 
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BC337 
BC337A 
BC338 


-—m RATINGS ; 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
BC337 | BC337A | BC338 


Collector-emitter voltage (VpF = O) VcES max. 
Collector-emitter voltage (open base) 
Ic = 10mA VCEO max. 
Emitter-base voltage (open collector) VEBO max. 
“oallector current (d.c.) ‘Ie max. 
Collector current (peak value) ICM max. 1000 mA 
Emitter current (peak value) —lEM max. 1000 ‘ mA 
Base current (d.c.) Ip max. 100 mA 
Base current (peak value) IBM max. 200 mA 
Total power dissipation at Tamp = 25 °C Prot max. 625. mW 
up to Tamb = 25 OC Prot max. 800 mWw* 
Storage temperature Tstg —65 to + 150 OC 
Junction temperature Tj max. 150 oC 


tHERMAL RESISTANCE 
From junction to ambient in free air Rthj-a = 0,2 K/mW 


rrom junction to ambient Rthj-a = 0,156 K/mW* 


* Transistor mounted on printed circuit board, max. lead length 4 mm, mounting pad for collector 
lead min. 10 mm x 10 mm. 
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Silicon planar epitaxial transistors 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 


Collector cut-off current 


le = 0; Vcg = 20V; Tj = 25 OC IcBo < 100 nA 
le = 0; Vog = 20 V; Tj = 150 °C ICBO < 5 pA 
Emitter cut-off current 
‘Ic =0;Vepz5bV lEBO < 10 wA 
Base emitter voltage* 
Ic = 500 mA; VceE=1V VBE <a 1,2 V 
Saturation voltage 
lc = 500 mA; Ip = 50mA VCEsat < 700 mV 
D.C. current gain 
lc = 500 mA; Voce =1V hee > 40 
Ic = 100 mA; VcE = 1 V; BC337; BC338 hfe ~ 100 to 600 
BC337A hee 100 to 400 — 
BC337-16 | 
BC338-16 | hfe 100 to 250 
BC337-25 
BC338-25 hee 160 to 400 
BC337-40 | 
BC338-40 | hFe 250 to 600 
Transition frequency at f = 35 MHz 
Ic = 10mA; VcE=5V tT typ. 200 MHz 
Collector capacitance at f = 1 MHz 
le =le =0; Vep=10V Co typ. 5 pF 


D.C. current gain ratio of matched pairs 
BC327/BC337; BC328/BC338 


Ic] = 100 mA; |VcEl = 1V hreqhpe2 tye 128 


< 1,40 


* Vee decreases by about 2 mV/9°C with increasing temperature. 
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BC337 
BC337A 
BC338 
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Silicon planar epitaxial transistors 
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APPLICATION INFORMATION, see BC327; BC328. 


SILICON PLANAR EPITAXIAL TRANSISTOR 


t 


N-P-N transistor in a plastic TO-92 variant, intended for low-voltage, high-current |.f. applications. 
BC368/BC369 is the matched complementary pair suitable for class-B audio output stages up to 3 W. 


QUICK REFERENCE DATA 


Collector-emitter voltage (VpE = 0) VCES max. 25 V 
Collector-emitter voltage (open base) VCEQO max. 20 V 
Collector current (peak value) ICM max. 2A 
Total power dissipation up to Tamb = 25 OC Prot max. 1 W- 
Junction temperature Tj max. 150 °C 
D.C. current gain 

Ic = 500 mA; Vee =z1V hFE 85 to 375 
Transition frequency at f = 35 MHz 

Ic =10mA; VcE=1V fT typ. 60 MHz 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 
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BC368 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages 

Collector-emitter voltage (VpzR =0) ~~ VCES max. 25 V 

Collector-emitter voltage (open base) VCEO max, 20 V 

Emitter-base voltage (open collector) VEBO max. > V 

Currents 

Collector current (d.c. ) Io max. 1 A 

Collector current (peak value) Iom max. 2A 

Base current (d.c.) Ip max. 100 mA 

Base current (peak value) IRM max. 200 mA 

Power dissipation 

Total power dissipation at Tamb = 25 °C (in free air) Prot max. 0,8 W 

up to Tamb = 25°C 4 Pigs max. 1 W 

Temperatures | 

Storage temperature T ste -65 to+150 °C 

Junction temperature . T; max. 150: 2¢ 

THERMAL RESISTANCE 

From junction to ambient in free air Reh j-a = 156 °C/w 
— From junction to ambient 1) Rth j-a = 125 °C/W 
= From junction to case Rth j-c = 60 °C/W 


ly Transistor mounted on printed-circuit board, max. lead length 4 mm, mounting pad 
for collector lead min. 10 mm x 10 mm. 


2 ; September 1976 


CHARACTERISTICS Tj = 25 °C unless otherwise specified 


Collector cut-off current 


If = 0; VcB =25 V lapo 


< 10 

Ip = 0; Vop = 25 V; Tj = 150 °C : IcBo 1 
Emitter cut-off current 

Io = 0; VEp =5V IFBO < 10 
Base-emitter voltage 

Ic =5 mA; Vor =10V VBE typ 0, 62 

Ic =1A;VcR-=zlv VBE < 1 
Collector-emitter saturation voltage 

Ic = 1A; Ip = 100 mA VCEsat < 0,5 
D.C. current gain 

Ic =5 mA; Vcr =10V hyp > 50 

Ic = 500 mA; Vofp =1V hFRE 85 to 375 
Collector capacitance at f = 450 kHz 

In =Ie = 0; Vop=zoV Co typ. 27 
Cut-off frequency 

Ic = 10 mA; VcR =5V fhfe typ. 400 
Transition frequency at f = 35 MHz 

Ic = 10 mA; Vcr =5 V fy typ. 60 
D.C. current gain ratio of matched pair BC 368 /BC 369 

[ic | = 500 mA; |Vcp|=1V ° hppi/hpR2 < 1,4 
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SILICON PLANAR EPITAXIAL TRANSISTOR 


P-N-P transistor in a plastic TO-92 variant, intended for low-voltage, high-current |.f. applications. 
BC368/BC369 is the matched complementary pair suitable for class-B output stages up to 3 W. 


QUICK REFERENCE DATA 


Collector-emitter voltage (VpE = O) —-VCES max. 25 V 
Collector-emitter voltage (open base) —VCEQ max. 20 V 
Collector current (peak value) —lcM max. 2A 
Total power dissipation up to Tamb = 25 9C Prot max. 1 W 
Junction temperature Tj max. 150 °C 
D.C. current gain 

~I¢ = 500 mA; —VcE=1V hfe 85 to 375 
Transition frequency at f = 35 MHz 

—Ic = 10 mA; —VcE=1V fy typ. 60 MHz 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 
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BC369 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages 

Collector-emitter voltage (VBE = 0) Vane max. 25 V 
Collector-emitter voltage (open base) -VCEO max. 20 V 
Emitter-base voltage (open collector) -VEBO max. 59 Vv 
Currents 

Collector current (d.c.) | +1a max. 1 A 
Collector current (peak value) -lom max. 2 A 
Base current (d.c.) =Ip max. 100 mA 
Base current (peak value) -IpmM max. 200 mA 


Power dissipation 


Total power dissipation at Tampb = 25 °C (in free air) Prot max. 0,8 W 
upto Tay e25 CS Prot max. 1 Ww 

Temperatures 

Storage temperature T stg -65 to+150 % 

Junction temperature Tj max. 150° -“8C 

THERMAL RESISTANCE 

From junction to ambient in free air Rthj-a = 156 °C/W 
—— From junction to ambient !) Rth j-a =, 125 °C/W 
— From junction to case Rthj-c = 60 °C/W 


1) Transistor mounted on printed-circuit board, max. lead length 4 mm, mounting pad 
for collector lead min. 10 mm x 10 mm. 


2 September 1976 


CHARACTERISTICS T 
Collector cut-off current 
Ip = 0; -Vop =25 V 
Ip = 0; -Vcp =25 V; Tj = 150 °C 
Emitter cut-off current 
Ic = 0; -VEp=aoV 
Base-emitter voltage 
-Ic =5 mA; -VcE =10V 
-Ic = 1A;-VcE=1V 
Collector-emitter saturation voltage 
-Ic =1A;-Ip = 100 mA 
D.C. current gain 
-Ic =5 mA; -VoR =10V 
-Ic = 500 mA; -VcR=z1V 
-Ic = LA; -VcR =l]V 
Collector capacitance at f = 450 kHz 
Ip =Ie = 0; -Vap=5V 
Cut-off frequency 
-lo = 10 mA: -VaR =5V 
Transition frequency at f = 35 MHz 
“Ico = 10 mA; -VoR z5V 


D.C. current gain ratio of matched pair BC 368 /BC 369 
[Ic | = 500 mA; |VcR| =1V | 
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ifs 25 °C unless otherwise specified 


-IoRoO 10 
-ICBO 1 
-IEBO < 10 
—-VBE typ 0, 62 
-VRBE < 1 
-VCEsat < 0,5 
hFE > 50 
HEE 85 to 375 
her >: 60 
Co typ. 45 
fr typ. ' 60 
hppi/hpR2 < 1,4 


uA 
mA 


pF 
kHz 


MHz 


BC369 


104 7272780 


coi — ri 
Pais Hit Pr 
(c/w) |_| mami immu iia HEH 


gL ain a an 


free in air 
AHH 1 Scion sat ii ae i rac Th 
cot 
Sai av a Sb BE Bi Ba 
lt TH rt 
102 oon 0 (ala yt tt acorn mart eee ie aes i 
Sat ee eet iad oe Bs LO 
ch eet tr Bits ae 22 Ae 
ATs i oe aii i 
te see ali MN 
me nit 208 rm ett 
4 a Hist 4 Pot HH it 
|e H HH oT rH 
sali 
—T1I 
ei 


7Z72781 


EEA HEHEHE HEPES ce 
CH HH 


102 bexs EON, a eT CA ee a ee aaa na 


memes 
oka = ovse88 
nos 


=—ios ms aeeene 


cal HH 
Te 1S sai men 
a mee i aii i 


wee 24 Saal Ht SH 


att 
cit ae 
we 
ofc aa za mf 


Bee ceaitl 1 rt cane me aut es ae ' 
=e as mit at a 1 Hi =a citi HE manaett 
4 tT i ara fit ry TT Hh il | 

al AES or tt Ce tt Moo Trin iil 

<e ll TCU ii fiat at i iilll 

Stn nT a ia 
10-5 10-4 10-3 10-2 10-1 102 109, 104 


| 4 | | | | September 1976 


7272776 
1Z72773 


OT 
LOB a SE LE 


Ne 


16 eal me 0 Se 1 Ok S| 
WT PN 


WUT EE NTT 


WEE |W EET ESE 
Ins 


FEE pt 
0 en 0 ee ee ee ee ee. eee 
ES Pe a AS OO RRA 9 A ” 
ee ee ee 


iE Te 


L 


L 


04 
10? 
00 


September 1976 - 


BC369 


403 7272779 


|| 
nen el 
“i fE ie 
| Ce 


e CTS 


10t+— 
= 


7272774 7272768 


1,5 
SE ee | 
oof FET 
Oa a 


PET TT WAT Tt 
A tt tt 


: PCE 

ol ttt a a 

2-1, (a) 3 : “ ielap = 
C C 


6 September 1976 


7272775 


Ha 


BOGE Gidea Sean coN el Iecar eiiec 
Reece eee SeRRe PELE TERRA SERS 


PCCCAE EN 
PLETE TENET 


PULTE NET TT 


CEEEEECCE ECE 
BERR R AR RER EERE AREER eG 


CUE 


™ 


\O 
i 
ON 
com! 
a 
oO 
FE 
cD] 
~ 
jon 
i) 
W 


BC375 


SILICON PLANAR EPITAXIAL TRANSISTOR 


N-P-N transistor in a plastic TO-92 variant, intended for low-voltage, high-current |.f. applications. 
BC375/BC376 is the matched complementary pair suitable for output stages up to 2 W. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcBo max. 25 V 
Collector-emitter voltage (open base) VCEQ max. 20 V 
Collector current (peak value) ' Icom max. 1B A! 
Total power dissipation up to Tamph = 25 PC Prot max. 800 mW 
Junction temperature : Tj max. 150 OC 


D.C. current gain 
Ic = 150 mA; Veg =1V hee 60 to 340 


Transition frequency at f = 35 MHz 

Ic = 150 mA; Vef =1V fT typ. 150 MHz 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-92 variant. 
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BC375 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Collector-base voltage (open emitter) VcBO max. 25 V 
Collector-emitter voltage (open base) VCEO max. 20 V 
Emitter-base voltage (open collector) VEBO max. 5 V 
Collector current (d.c.) Ic max. 1A 
Collector current (peak value) lcm max. 15 A 
Base current (d.c.) Ip max. 100 mA 
Base current (peak value) Inu max. 200 mA 
Total power dissipation 
at Tamb = 25 OC (in free air) Prot max. 625 mW 
up tO Tamb = 25 OC* Prot max. 800 mW 
Storage temperature Tstg —65 to+150 °C 
Junction temperature Tj max. 150 °C 


THERMAL RESISTANCE 


From junction to ambient in free air Rth j-a = 200 K/W 
From junction to ambient * Rthj-a = 156 K/W 
From junction to case Rthj-c = 95 K/W 


CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 
Collector cut-off current 


le =0; Vcp=20V. ICBO < 100 nA 

le = 0; Vep = 20 V; Tj = 150 °C ICBO < 5 yA 
Emitter cut-off current 

lc=0;Vep=5V lEBO < 10 vA 
Base-emitter voltage** 

Ic= 5mA;VceE=10V VBE typ. 650 mV 

lc =700 mA; VcE= 1V VBE < 1000 mV 
Collector-emitter saturation voltage 

iis eee typ. 250 mV 

Ic = 700 mA; Ip = 70 mA VCEsat c 500 mV 
D.C. current gain 

Ic= 5mA;Vce= 10V hfe > 55 

Ic = 150 mA; VceE= 1V hFE 60 to 340 

Ic = 700 mA; VcE= 1V hFe > 35 
Transition frequency at f = 35 MHz 

Ic = 150 MA; Vce=1V fr typ. 150 MHz 
D.C. current gain ratio of matched pair BC375/BC376 

lic] = 150 mA; [Vogl =1V hrev/hrFe2 < 2 


* Transistor mounted on printed-circuit board, maximum lead length 4 mm, mounting pad for collector 
lead minimum 10 mm x 10 mm. 
** Ver decreases by about 2 mV/K with increasing temperature. 
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SILICON PLANAR EPITAXIAL TRANSISTOR 


P-N-P transistor in a plastic TO-92 variant, intended for low-voltage, high-current |.f. applications. 
BC375/BC376 is the matched complementary pair suitable for output stages up to 2 W. | 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) —VcBO max. 25 V 
Collector-emitter voltage (open base) —-VCEO max. 20 V 
Collector current (peak value) —lem max. 15 A 
Total power dissipation up to Tamp = 25 9C Prot max. 800 mW 
Junction temperature Tj max. 150 °C 


D.C. current gain 
—Ie = 150 mA; -VceE=a1V hee 60 to 340 


Transition frequency at f = 35 MHz 

—I¢ = 150 mA; —-VcE=1V fT typ. 150 MHz 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-92 variant. 
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BC376 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Collector-base voltage (open emitter) —VcBOo max. 25 V 
Collector-emitter voltage (open base) —VCEO max. 20 V 
Emitter-base voltage (open collector) —VERBO max. 5 V 
Collector current (d.c.) | —I¢c max. 1A 
Collector current (peak value) —lIcm max. 1,5 A 
Base current (d.c.) —Ip max. 100 mA 
Base current (peak value) —Ipm max. 200 mA 
Total power dissipation 
at Tamb = 25 OC (in free air) Prot max. 625 mW 
up to Tamb = 25 °C* Prot max. 800 mW 
Storage temperature Tstg —65 to+ 150 °C 
Junction temperature Tj max. 150 °C 


THERMAL RESISTANCE 


From junction to ambient in free air Rth j-a = 200 K/W 
From junction to ambient * Rth j-a = 156 K/W 
From junction to case Rth j-c 95 K/W 


CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 
Collector cut-off current 


Ie = 0; -Vcp = 20 V —IcBo < 100 nA 

le = 0; —Vcp = 20 V; Tj = 150 °C —IcBo < 5 pA 
Emitter cut-off current 

Ic =O; —VeRp=5V : —lEBO < 10 pA 
Base-emitter voltage ** 

—Ic= > 5mA;—-Vce=10V —VBE typ. 650 mV 

—I¢@ = 700 mA;—-VcE= 1V —VpE < 1000 mV 
Collector-emitter saturation voltage 

eae eres = typ. 280 mV 

Ic = 700 mA; —Ip = 70 mA VCEsat < 500 mV 

D.C. current gain 

—lc= 5mA;—VcE=10V hee > 55 

—lc = 150 mA; —-VcE= 1V hFe 60 to 340 

—l¢= 700 mA; —-VcE= 1V hFEe > 35 
Transition frequency at f = 35 MHz 

—Ic = 150 mA; —VcE=1V fT typ. 150 MHz 
D.C. current gain ratio of matched pair BC375/BC376 

tcl = 150 mA; |VcgEl= 1 V heeq/hfe2 < 2 


* Transistor mounted on printed-circuit board, maximum lead length 4 mm, mounting pad for collector 
lead minimum 10 mm x 10 mm. 
** —Vp_ decreases by about 2 mV/K with increasing temperature. 
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BC546 to 548 


SILICON PLANAR EPITAXIAL TRANSISTORS 


General purpose n-p-n transistors in a plastic TO-92 variant, especially suitable for use in driver stages of 
audio amplifiers. 


QUICK REFERENCE DATA 


Collector-emitter voltage (Vf = 0) 
Collector-emitter voltage (open base) 
Collector current (peak value) 
Total power dissipation up 

to Tamb = 25 PC 
Junction temperature 


Small-signal current gain 
Ic =2mA; Vce =5V; f= 1 kHz 


Transition frequency 
lc=10mA; VceE=5V 
Noise figure at Rs = 2kQ 
Ic = 200 uA; VcE=5V 
f = 1 kHz; B = 200 Hz : 2 dB 


MHz 


MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-92 variant. 
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BC546 to 548 | | 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 
BC546} BC547]| BC548 


Voltage 

Collector-base voltage (open emitter) Vopo max. ' 80 V 
Collector-emitter voltage (VpR = 0) VCES max. 80 V 
Collector-emitter voltage (open base) VcRo max. 65 V 
Emitter-base voltage (open collector) VERO max. 6 V 
Current 

Collector current (d.c.) Io max. 100 mA 
Collector current (peak value) low max. 200 mA 
Emitter current (peak value) -lIeM max 200 mA 
Base current (peak value) Ipm max. 200 mA 


Power dissipation 


Total power dissipation up 


to Tamb = 29 °C | Prot | max. 500 mW 
Temperature 
Storage temperature stg -65to+150 °C 
Junction temperature T; max. 150 % 
— THERMAL RESISTANCE 
— From junction to ambient in free air Rep j-a = 0,25 °C /mW 
—— From junction to case \ Rth j-c =) 0,15 °C/mWw 


2 May 1973 


BC546 to 548 


CHARACTERISTICS T, = 25 °C unless otherwise specified 


Collector cut-off current 
Ip = 0; Vop = 30V ICBO < 15 nA 
Ip = 0; Voz = 90. V4 T; = 150 °C IcRo = 5 wA 


Base-emitter voltage 1) 
typ. 660 mV 


in Gene ee ee VBE 580 to 700 mV 
Saturation voltage 2) 

typ. 90 mV 

Ic = 10 mA; Ip = 0.5 mA Vonage. 2° Pe eae 


VBEsat typ. 700 mV 


typ. 200 mV 


= 100 mA; Ip = SmA Ver ant 2 600 mv 


Ig 
Vereat typ. 900 mV 


Knee voltage 


Ic = 10 mA; Ip = value for which typ. 3800 mV 


I¢ 
(mA) 
1 b--sem 
10 EE 
7261396 
VoEk 1 Vee (V) 
Collector capacitance at f = 1 MHz 
i HE 2 Yes es typ. 2,5 pF 
In =1, =0; Vop= 10V Co = 15: “oP 
Emitter capacitance at f= 1 MHz 
Io =1, = 0; VEp=0,5V Ce EyD? 9 pF 
Transition frequency at f = 35 MHz 
Ic = 10 mA; Vor=5V fr typ. 300 MHz 


!) Vp decreases by about 2 mV/°C with increasing temperature. 
2) VpRsat decreases by about 1,7 mV/°C with increasing temperature. 


, 
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BC546 to 548 


CHARACTERISTICS (continued) De 25 °C unless otherwise specified 


Small signal.current gain at f = 1 kHz 
Ineo , > 
Cee Gn av hfe 
Noise figure at Rg = 2 k® 
Ic = 200 HAs VCE =5 VY 
f=1kHz;B=200Hz . F typ. 


dB 
10 dB 


BC546A| BC546B 
BC547A| BC547B | BC547C 
BC548A]} BC548B | BC548C 


D.C. current gain 


> 
Ic =2 mA; Vcr =5V hop typ. 
< 


h parameters at f = 1 kHz (common emitter) 


Ic =2 mA; Vop=50V 


> 
Input impedance hie typ. 
< 
oes Reverse voltage transfer ratio Dee typ. 
SS > 
— Small signal current gain hfe typ. 
, typ. 
Output admittance | Des 2 
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BC546 to 548 | | | | 
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SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in plastic TO-92 variants, primarily intended for low-noise input stages in tape 


recorders, hi-fi amplifiers and other audio-frequency equipment. 


QUICK REFERENCE DATA 


Collector-emitter voltage (Vpf = 0) 
Collector-emitter voltage (open base) 
Collector current (peak value) 
Total power dissipation up to Tamp = 25 OC 
Junction temperature 
Small-signal current gain 

lc=2 mA; VcE=5V;Ff=1 kHz 
Transition frequency 

Ic = 10 mA; VcE=5 V 
Noise figure at Rg = 2 k&2 

Ic = 200 uA; VcpE=5V 


f = 30 Hz to 15 kHz 


f= 1kHz; B = 200 Hz 


f = 10 Hz to 50 Hz (equivalent noise voltage) 


MECHANICAL DATA 
Fig. 1 TO-92 variant. 
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diameter within 2,5 max 
is uncontrolled 


< 
= 


max V 
max V 
max mA 
max mW 
max OC 
> 

< 

typ MHz 
typ dB 
< dB 
typ dB 
=o uv 


Dimensions in mm 


Vouo 
“A min 
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October 1982 


BC549 
BC550 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 
BC549 | BC550 


Voltage 
Collector-base voltage (open emitter) Vcpo max. ’ 30 V 
Collector-emitter voltage (Vpp = 0) VcES max, 30 V 
Collector-emitter voltage (open base) VcEo max. 30 V 
Emitter-base voltage (open collector): VERO max. 5 Vv 
ae 

Current 
Collector current (d.c.) Ic max. 100 mA 
Collector current (peak value) lou max. 200 mA 
Emitter current (peak value) -lewM max, 200 mA 
Base current (peak value) Ino max, 200 mA 
Power dissipation 
Total power dissipation up to 

Tamb = 29 °C Prot max. 500 mW 
Temperature 
Storage temperature T stg -65 to +150 °C 
Junction temperature T; max, 150 ae: 
THERMAL RESISTANCE 

= From junction to ambient in free air Rthj-a = 0,25 °C/mWw 
— From junction to case Rin jee = 0,15 °C/mWw 


2 October 1973 


CHARACTERISTICS 


Collector cut-off current 

Ip = 0; Vop = 30 V 

Ip = 0; Vop = 30 V; Tj = 150 °C 
Base emitter voltage 

Iq = 2 mA; VcR => V 

Io = 10 mA; Vogp =5V 
Saturation voltages 2) 


Ic = 10 mA; Ip = 0,5 mA 


Io = 100 mA; [5 = 5 mA 


Knee voltage 


Ia = 10 mA: Ip = value for which 
Ic =1lmA atVop=lv 


Collector capacitance at f = 1 MHz 


Emitter capacitance at f = 1 MHz 


Ic =I, = 0; Vap = 9,5 V 


Transition frequency at f = 35 MHz 


Ic = 10 mA; Veu = 5 V 


Tj = 25 °C unless otherwise specified 


loRo < 15 nA 

ICBO < 5 pA 
Vy typ. 660 mV 
BE 580 to 700 mV 
VBE = 770 mV 
Vv typ. 90 mV 
CEsat < 250 mV 
VBEsat  tyD- 700 mV 
typ. 200 mV 
VCEsat < 600 mvV 
Vv typ. 300 mV 
CEK < 600 mV 


7261396 


Vee (V) 
C typ. 230 pF 
© < 4,5 pF 
Cy typ. 9 pF 
fi typ. 300 MHz 


1) VpR decreases by about 2 mV/°C with increasing temperature. 
2) Vpksat decreases by about 1,7 mV/°C with increasing temperature. 
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BC549 
BC550 


CHARACTERISTICS (continued) Tj = 25 °C unless otherwise specified 


Small signal current gain at f = 1 kHz 


> 
Io =2 mA; Vop =9V hee 2 
Noise figure at Rg = 2 k& 
Ic = 200 WA; Vc BR =zSV 
f = 30 Hz to 15 kHz F pe 
f = 1 kHz; B = 200 Hz F bis 
Equivalent noise voltage at Rg =2 k®2 
Ia = 200 HA; Vor =5V 
f= 10Hz to 50Hz; T, = 25 °C Vn max. - 0,135 LV 
BC549B | BC549C 
BC550B | BC550C 
D.C. current gain 
Io =10 HA 5 VOCE =.5:°V hep typ. 
> 
lo =2mA;Vop =5V Dor pe 
h parameters at f = 1 kHz (common emitter) 
— To =2 mA; Vag =9V 
Paes > 
= Input impedance hie typ. 
z 
Reverse voltage transfer ratio hre typ. 
> 
Small signal current gain hfe typ. 
< 
Output admittance Hoe Sie 
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BC556 to 558 


SILICON PLANAR EPITAXIAL TRANSISTORS 


General purpose p-n-p transistors in plastic TO-92 envelopes, especially suitable for use in driver stages 


of audio amplifiers. 


QUICK REFERENCE DATA 


Collector-emitter voltage (+ Ver =.1 V) 


Collector-emitter voltage (open base) 


Collector current (peak value) 


Total power dissipation 
up to Tamb = 25 PC 


Junction temperature 


Small-signal current gain 
—lc=2mA;—Vcp =5 V; f= 1 kHz 


Transition frequency at f = 35 MHz 
—I¢=10mA;—-VcE=5V 


Noise figure atRg=2kQ | 
—Ic = 200 vA; -—VcF=5V 
f = 1 kHz; B = 200 Hz 


MECHANICAL DATA 
Fig. 1 TO-92 variant. 


7267146 1 


diameter within 2,5 max 
is uncontrolled 


—VcEX max. 
—VCEQ max. 
—Icm max. 
Prot max 
Tj max 
Nfe 

FT typ 
F < 


> 


65 


50 V 
45 30 V 

200 mA 

500 mW 

150 oC 

75 to 900 oo aa 

200 MHz <— 

10 dB 


Dimensions in mm 


Youo 
4 min 
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BC556 to 558 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (+ Var = 1 V) 
Collector-emitter voltage (open base) 
Emitter-base voltage (open collector) 


Collector current (d.c.) 
Collector current (peak value) 
Emitter current (peak value) 
Base current (peak value) 


Total power dissipation 
up to Tamb = 25 °C 


Storage temperature 
Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 
From junction to case 


CHARACTERISTICS 
Tj = 25 °C unless otherwise specified. 
Collector cut-off current 
l—E =0;-Vcep=30V; Tj = 25°C 
Tj = 150 oC 
Base-emitter voltage* 
—lc= 2mA;—-Vce=5V 


—Ic=10mA;—VcE=5V 


— Saturation voltages** 
—lc = 10 mA; —Ip =0,5 mA 


—I¢= 100 mA;—-Ip=5mA | 


—» * -—Vpe decreases by about 2 mV/K with increasing temperature. 


max. 
max. 
max. 
max. 


max. 
max. 
max. 


max. 


max. 


max. 


500 
—65 to + 150 
150 


250 
150 


1 
15 
4 


650 
600 to 750 
820 


60 
300 
750 


180 
650 
930 


— ** —VBEsat decreases by about 1,7 mV/K with increasing temperature. 
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K/W 
K/W 


nA 
nA 
pA 


mV 
mV 
mV 


mV 
mV 
mV 
mV 
mV 
mV 


Silicon planar epitaxial transistors 


Knee voltage 


—lc = 10 mA; —|p = value for which 
typ. 250 
—Ic=11 mA at—VceE=1V —VCEK Bi 600 
-I¢ 
(mA) 
WMS asteiens—— 
10 
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-VoEK 1 -Veg (V) 
Fig. 2. 
Collector capacitance at f = 1 MHz 
le =le=0;—-Vcp=10V Cy typ. 4 
Transition frequency at f = 35 MHz 
—lc=10mA;—VcE=5V fT typ. 200 
Small-signal current gain at f = 1 kHz 
“—Ic=2mA;—-VceE=z5V hfe 75 to 900 
Noise figure at Rg = 2 kQ2 
—lIq = 200 wA; -VcE=5V 
S ae typ. 2 
f= 1 kHz; B = 200 Hz F < 10 
D.C. current gain S 
—lc=2mA;—Vce=5V hFE < 
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SILICON PLANAR EPITAXIAL TRANSISTORS 


P-N-P transistors in a plastic TO-92 variant, primarily intended for low-noise input stages in tape 
recorders, hi-fi amplifiers and other audio-frequency equipment. 


QUICK REFERENCE DATA 


Collector-emitter voltage (+ Vpe = 1 V) 


Collector-emitter voltage (open base) 


Collector current (peak value) 


Total power dissipation up to 
Tamb = 25 °C 

Junction temperature 

Small-signal current gain 


—Ic =2mA;—Vce =5 V; f= 1 kHz 


Transition frequency 
—lc =10mA;—-VcfE=5V 


Noise figure at Rg = 2 kQ 
—Ic = 200 vA; -VcE=5V 
f = 30 Hz to 15 kHz 


f = 1 kHz; B = 200 Hz 


MECHANICAL DATA 
Fig. 1 TO-92 variant. 
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is uncontrolled 
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max. 
max, 


max. 


max. 


max. 


Dimensions tn mm 
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BC559 
BC560 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) —VCBO max. 
Collector-emitter voltage (+V pr = 1 V) —VCEX max. 
Collector-emitter voltage (open base) —VCEQ max. 
Emitter-base voltage (open collector) —VCBO max. 
Collector current (d.c.) —Ic max. 
Collector current (peak value) —leMsomax. 
Emitter current (peak value) lem max. 200 mA 
Base current (peak value) —IBM max. 200 mA 
Total power dissipation up to 

Tamb = 25 °C Prot max. 500 mW 
Storage temperature T stg —65 to+150 °C 
Junction temperature Tj max. 150 oC 


—» THERMAL RESISTANCE 


From junction to ambient in free air Rthj-a = 250 K/W 
From junction to case Rthj-c = 150 K/W 
CHARACTERISTICS Tj = 25 OC unless otherwise specified 
Collector cut-off current 
-f: e fa ‘ typ. 1 nA 
=O = = -T: = 950 = 
le = 0; -Vcp = 30 V; Tj 25 OC IcBO < 15 A 
Tj = 150 °C —IcsBo < 4 LA 
Base-emitter voltage* 
ieee: a8 as = typ. 650 mV 
ic amin = MCE VBE 600 to 750 mV 
—Ic¢ = 10mA;—VcE=5V —-VpeE < 820 mV 
—+» Saturation voltages** 
aif pa tk a as typ. 60 mV 
lc = 10 mA; —Ip = 0,5 mA VCEsat < 300 mV 
acted ae ae ae typ. 180 mV 
Ic = 100 mA; —Ip=5mA VCEsat 2 650 mV 
—VBEsat tyP. 930 mV 


— > *—Vpe decreases by about 2 mV/K with increasing temperature. 
—+» ** —VBEsat decreases by about 1,7 mV/K with increasing temperature. 
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Silicon planar epitaxial transistors 


Knee voltage 


—lc = 10 mA; —Ip = value for which Neer typ. 250 mV 
—lc=11 mA at—Vce=1V oa 600 mV 
-I¢ 
(mA) 
"1 }-->== 
10 
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-VeeK 1 -Vcee (V) 


Collector capacitance at f = 1 MHz 


le =lg=0;-Vep=10V Co typ. 4 pF ane 
Transition frequency at f = 35 MHz 

—lc = 10mA;—Vce=58B ft typ. 200 MHz =— 
Small-signal current gain at f = 1 kHz 

—Ic=2mA;—-VcpEz5V hte 125 to 900 <I— 
Noise figure at Rg = 2 kQ 

—Icq = 200 uA; -VcE=5V BC559 BC560 

f = 30 Hz to 15 kHz F — 

f = 1 kHz; B = 200 Hz F 


Equivalent noise voltage at Rs = 2 kQ. 


—lc = 200 vA; -Vce=5V 
= 10 Hz to 50 HZ; Tampb = 25 OC Vn 


<j}——. 
D.C. current gain 


—lc=2mA;—VcFp=5V NEE 
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Silicon planar epitaxial transistors 
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BC635; BC637; 
BC639 


SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in a plastic TO-92 variant, primarily intended for use in driver stages of audio 


amplifiers. P-N-P complements are BC636, BC638 and BC640. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VCBO  —-max. 
Collector-emitter voltage (open base) VCEOQ max. 
Collector-emitter voltage (Rpg = 1 kQ2) VCER max. 
Collector-current (peak value) ICM max. 
Total power dissipation 

up to Tamb = 25 PC Prot max. 
Junction temperature Tj max. 
D.C. current gain S 

Ic = 150 mA; Veg =2V hFE < 
Transition frequency 

lc =10mA; VcgE=5V fr typ. 


MECHANICAL DATA 
Fig. 1 TO-92 variant. 


7Z7B1B1A 


diameter within 2,5max 
is uncontrolled — 


100 V 
80 V 
100 V 
1,5 A 


1 W 
150 °C 


40 
160 


130 MHz 


Dimensions in mm 


Vouo 
4 min 


7270994.1 
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BC635; BC637; 
BC639 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134) 


Voltages 

Collector-base voltage (open emitter) Vopo max. V 
Collector-emitter voltage (open base) VCEQ max. V 
Collector-emitter voltage (KBE = 1 k&2) VCER max. ‘Vv 
Collector-emitter voltage (RRBE = 0) VCES max. V 
Emitter-base voltage (open collector) VEBO Max. V 
Currents 

Collector current (d.c. ) Io max. } 

Collector current (peak value) | Iom max. 1,5 A 
Emitter current (peak value) lem max. 1,5 A 

Base current (d.c. ) Ip max. 100 mA 
Base current (peak value) Ibm max. 200 mA 


Power dissipation 


Total power dissination at Tamp = 25 CC Prot max. 0,8 
. UPTO Taub = 22 °C Prot max. 1 


‘Temperatures 


— Storage temperature T stp -65 to +150 re 

— Junction temperature Tj max. 150° °C 
THERMAL RESISTANCE 
From junction to ambient in free air Rth j-a = 156 °C/W 
From junction to ambient — Rthj-a = 125 °C/W 2) 
From junction to case Rin j<e 60 °C/W 


1) Transistor mounted on printed circuit board, max. lead length 4 mm, mounting pad 
for collector lead min. 10 mm x 10 mm. 
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BC635; BC637; 
BC639 


CHARACTERISTICS T, = 25 °C unless otherwise specified 
Collector cut-off current 
Ip = 0; Vcp = 30 V Icpo < 100 nA 
: _ O 
Ip ss VcB= 30 V; Tj = 150 °C Icpo < 10 uA 


Emitter cut-off current 


Io = 0; VEB =5 V IrBo < 10 UA 


Base-emitter voltage 


Saturation voltage 


Ig = 500 mA; Ip = 50 mA VCEsat < 0,5 V 


D.C. current gain 


Ic =5 mA; Vap =2V hpRr > 
> 
Transition frequency at f = 35 MHz 
D.C. current gain ratio of matched pairs 
[igl= 150 MA3|Vopl=2V . — 
BC635 /BC636, — 
BC637/BC638 and typ 1.3 
BC639/BC 640 hep] pR2 S: L 6 
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BC635; BC637; 
BC639 
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BC636; BC638; 
BC640 


‘SILICON PLANAR EPITAXIAL TRANSISTORS 


P-N-P transistors in a plastic TO-92 variant, primarily intended for use in driver stages of audio 
amplifiers.. N-P-N complements are BC635, BC637 and BC639. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter —-VCBO max. 
Collector-emitter voltage (open base) —VCEQ max. 
Collector-emitter voltage (Ree = 1 kQ2) —VcER max. 
Collector-current (peak value) —lcM max. 
Total power dissipation 
up to Tamb = 25 OC Prot max. 
Junction temperature Tj max. 
D.C. current gain . S 
—lIc = 150 mA; —VceE =2V a= < 
Transition frequency 
-I¢ = 10mA;—VcE=5V fr typ. 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-92 variant. a 
? So 
' y 0,40 


72781824 
3 


7270994.1 


diameter within 2,5max 
is uncontrolled er 
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BC636; BC638; 
BC640 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages BC636| BC638 | BC640 
Collector-base voltage (open emitter) - -Vcpo max. 
Collector-emitter voltage (open base) -VCEQ max. 


Collector-emitter voltage (RBE = 1 k®2) -VCER max. 


Collector-emitter voltage (-VpR = 0) -VcES max. 
Emitter-base voltage (open collector) -VEBO max. 
Currents 
Collector current (d.c. ) “Ta max. 1 A 
Collector current (peak value) ‘-lom max. 15 A 
Emitter current (peak value) InmM max. 15 A 
Base current (d.c.) —Ip max. 100 mA 
Base current (peak value) -Ipm max. 4 200 mA 
Power dissipation 
Total power dissipation at Tamp = 25 °C Pest max. 0,8 W 
up to Tah 20°C Prot max. 1 W 1) 
Temperatures 
Storage temperature T stg -65 to +150 °c 
Junction temperature Tj max. 150 °C 
THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a = 156 °C/W 

‘ : : as O 1 
From junction to ambient Ren j-a = 125 “C/W ~-) 
From junction to case Ren jee = 60 °C/W 


1) Transistor mounted on printed circuit board, max. lead length 4mm, mounting pad 
for collector lead min. 10 mm x 10 mm. 
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BC636; BC638; 
BC640 


CHARACTERISTICS Tj =25 °C unless otherwise specified 
Collector cut-off current 
Ig = 0; -Vag = 30 V; Tj = 150 °C -Icpo < 10 pA 


Emitter cut-off current 


Base-emitter voltage 


“Io = 500 mA; -VCE =2V -VBE < 1] V 


Saturation voltage 


-Ic = 500 mA; -Ip =50 mA -VcRsat < 0,5 V 
D.C. current gain BC636 | BC638 
“Io =5 mA; -Vop=2V hep > | 
“Ig = 150 mA; -Vop =2V ge: 
“Ig = 500 mA; -Vop =2V hpp o> | 
Transition frequency at f = 35 MHz 
-Ic = 10 mA; -Vop =5V ofp typ. 50 MHz 
D.C. current gain ratio of matched pairs 
BC635/BC636, — 
BC637/BC638 and typ 1.3 
BC639/BC 640 hep pp 7 ic6 : 
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MAINTENANCE TYPE | BCY30A to 34A < 


SILICON TRANSISTORS 


P-N-P transistors in TO-5 metal envelopes featuring high emitter-base voltage ratings, intended for use 
in relay switching, resistor logic circuits and general industrial applications. 


QUICIC REFERENCE DATA 


Collector-base voltage (open emitter) V ! 
Collector-emitter voltage (open base) V 
Emitter-base voltage (open collector) V 
Collector current (d.c.) mA 
Total power dissipation 
up to Tamb = 25 PC mW 
Small-signal current gain | 
—Ic=1mA;—Vcge =6V; f= 1 kHz 
Transition frequency 
—lIc=1mA;—-VcE=6V MHz 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-5; collector connected to case. 


‘ 0,51 
85 * 
max —— 

y —- 

2 6,6 lie >| 7273417.1 
f 


/ 


Accessories: 56245 (distance disc). 
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BCY30A to 34A 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 
| BCY30A |BCY32A | BCY33A. 


Collector-base voltage (open emitter) —VcBO max. 
Collector-emitter voltage (open base) —-VCEOQ max. 
Emitter-base voltage (open collector) —VEBO max. 
Collector current (d.c.) —l¢e max. 100 mA 
Collector current (peak value) —-IcM smax. 100 mA 
Base current (d.c.) —Ip max. 50 mA 
Base current (peak value) —IBM max. 50 mA 
Emitter current (d.c.) Ir max. 100 mA 
Emitter current (peak value) lem max. 100 mA 
Total power dissipation | 
up to Tamb = 25 OC Prot max. 600 mW 
uP to Tease = 45 PC Prot max. 3 W 
Storage temperature Tstg —65 to + 150 oC 
Junction temperature Tj max. 150 21 @ 


'. THERMAL RESISTANCE 
From junction to ambient in free air Rthj-a = 200 K/W 
From junction to case - Rthj-e = 35 K/W 


2 October 1982 


| = 
SILICON PLANAR EPITAXIAL TRANSISTORS Ge 


N-P-N transistors in TO-18 metal envelopes with the collector connected to the case. 


They are intended for general purpose very high-gain low level and low-noise applications. Moreover, 
they are also suitable for low-speed switching applications. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VCBO  _—max. 


V 
Collector-emitter voltage (open base) VCEO = —- max. V 
Collector current (d.c.) Ic max. mA 
Total power dissipation up to Tamb = 25 PC Prot max. mW 
Junction temperature Tj max. oC 
D.C. current gain at Tj = 25 OC 
Ic = 10 nA; Veg =5V hfe > 
Ic=2mA; VcE=5V hFe . 
Transition frequency ° 
lc =0,5 mA; Veg =5V fT typ. MHz 
Noise figure at Rg = 2 kX 
Ic = 200 vA; Veg = 5 V 
a : typ. dB 
f = 30 Hz to 15,7 kHz F < dB 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-18. 
Collector connected to case 


Voss 
~ Amax 


max 12, mn 
72694201 


Accessories 56246 (distance disc). 
© Products approved to CECC 50 002-164, available on request. 
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BCY 56 
BCY 57 


RATINGS (Limiting values) !) 


Volases BCY56| BCYS7 
Collector-base voltage (open emitter) VCBO max. 45 25 V 
Collector-emitter voltage (open base) VCEFQ max. 45 20 V 
Emitter-base voltage (open collector) VEBO max. 9 2 V 
Ss Peas 
Currents 
Collector current (d.c. ) Io max. 100 mA 
Collector current (peak value) ICM max. 100 mA 
Power dissipation 
Total power dissipation up to Tamb = 25 °C Ping max. 300 mW 
Temperatures 
Storage temperature | T stg -65 to +175 OC 
Junction temperature _ T; max. 175 °C 
THERMAL RESISTANCE 
From junction to ambient in free air Rth j-a = 0.5 °C/mw 
From junction to case Rth j-c = 0.2 °C/mw 
— CHARACTERISTICS T; = 25 °C unless otherwise specified 
= Collector cut-off current 
_— Ip = 0; Vog = 20 V Icgo 100 nA 
Emitter cut-off current 
Iq = 0; V—epzoV IEBO < 100 nA 


Base-emitter voltage 2) 


typ. 
Ic = 2 mA; VcE=5V Ge ee 


600 to 700 mV 
Collector-emitter saturation voltage 
Ic = 10mA;Ip= 1mA VCEsat tyP- 80 mV 
Ic =100mA;Ip=10mA VcEsat typ» 200 mV 


1) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 
2) VBE decreases with about 2 mV/°C at increasing temperature. 


2 - June 1968 


CHARACTERISTICS (continued) 


Knee voltage 


Ic = 10 mA; Ip = value for which 
Io =11mA at VcpzlVv 


D.C. current gain 
Ic =10 uA; VcR=zSV 


Ic =2mA; VcR=5V 
Ic = 10 mA; Vop=5V 


Transition frequency 
Iq = 0.5 mA; VcE=5V 
Iqc= 10mA; VcoRz5V 
h parameters at f = 1 kHz 
Ic =2 mA; VCE =OV 
Input impedance 


Reverse voltage transfer 
Small signal current gain 
Output admittance 
Collector capacitance at f = 1 MHz 


Ip = Ie = 0; VcR=5V 


Noise figure 
Iq = 200 HA; Vop =5V; Rg = 2 kQ 
f = 30 Hz to 15.7 kHz 


VCEK of 


Tj = 25 °C unless otherwise specified 


300 mV 
600 mV 


BCY56| BCYS7 


> 40 
typ. 200 
100 to 450 
> 100 
typ. 85 
typ. 250 
typ. 3.5 
typ. 1.75 
typ. 250 
125to 500 
typ. 17.5 
typ. 4.5 
typ. 1.5 
< fe) 


100 


400 
200 to 800 


200 


100 MHz 
350 MHz 


7.5 kQ 
3.5 1074 


900 
240 to 900 


35 wQr-l 


4.5 pF 


1.5 dB 
> dB 


June 1968 | 3 


oes 


SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in TO-18 metal envelopes with the collector connected to the case, for use in ampli- 
fier and switching applications. 


QUICK REFERENCE DATA 


BCY58 |BCY59 


Collector-emitter voltage (open base) VCEQO max. V 
Collector current (d.c.) Ic max. mA 
Total power dissipation 
up tO Tamb = 45 OC Prot =: max. mW 
Up tO Tcase = 45 OC Prot max. mW 
Junction temperature Tj max. OC 
BCY58—VII 


BCY59—ViII 


Small-signal current gain at Tj = 25 oC 
Ic=2mA; VcE=5V; f= 1 kHz hfe 


Transition frequency at f = 100 MHz 
Ic=10 mA; VcE=5V fT typ. 280 MHz 


Noise figure at Rg = 2 kQ 
Ic = 200 uA; Veg =5V 


f= 1 kHz; B = 200 Hz F typ. 2 dB 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-18. 


Collector connected to case 


i Yo,51 
48 4max 
max 
v 
a 12,7min ———> 
7Z269420.1 
Accessories 56246 (distance disc). 
€ Products approved to CECC 50 002-030/031, available on request. oan 
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BCY58 
BCY59 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


- 


Voltages ~ BCY58 |BCY59 
Collector-emitter voltage (Vpr = 0) Vors max. V 
Collector-emitter voltage (open base) VCEQO max. V 
Emitter-base voltage (open collector) Vino max. V 
Currents 
Collector current Io max. 200 mA 
Base current | Ip max. 50 mA 
Power dissipation 
Total power dissipation up to Tease = 45 °C Prot max. 1000 mW 
Temperatures 
‘Storage temperature T stg - 65 to +200 eC 
Junction temperature | Tj max. 200 °C 
THERMAL RESISTANCE 
From junction to ambient in free air Rthj-a = 0.45 °C/mWw 
From junction to case Rth jec = 0.15 °C/mW 


2 . April 1971 


BCY59 
CHARACTERISTICS Tj = 25°C unless otherwise specified 
Collector cut-off currents BC Y58|BCY59 
typ. nA 
VCE = 32 V; VBE =0 iczs  —* i 
typ. nA 
VcE = 45 V; VBE = 0 ICES a oa 
VcR = 32 V; Vag = 0; Tj = 150°C I ‘YP a 
CE » YBE pom] CES < pA 
Vor = 45 V; Vpg = 0; Tj = 150°C I es a 
CE > VBE =U; Lj CES Z uA 
Emitter cut-off current 
Ic = 0; VEB=z5 V IRBO < nA 
Collector -emitter breakdown voltage 
I, =0;1,=2mA V(BR)CEO > V 
Emitter -base breakdown voltage 
IQ =O; IR = LUA VBR)EBO > V 
Base emitter voltage 
Ic = 10pA;VeR=5 V VBE typ. 0.5 V 
Ic = 20pA ; VcE = VCEOmax: Tj = 100°C VBE > 0.2 V 
typ. 0.62 V — 
LIg= 2mA;Vopz5v VBE 6.55to0.70 V = 
Ic = 10mA; VcRE=1V VBE typ. 0.70 V 
Ic = 100 mA; Vc R=1V VBE typ. 0.76 V 
Saturation voltages 
_ ee typ. 100 mV 
Ic = 10 mA; Ip,.=0.25 mA VCEsat 50 to 350 mV 
typ. 700 mV 
VBE sat 600 to 850 mV 
Ic = 100 mA; IR = 2.5 mA VCEsat ‘YP. ay ey 


150 to 700 mV 


typ. 875 mV 
VBEsat 750 to 1200 mV 
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BCY58 : 
BCY59 | 


CHARACTERISTICS (continued) Tj = 25°C unless otherwise specified 
Collector capacitance at f = 1 MHz 
cr eee, = typ. 3.0 pF 
Ip =Ie = 0; Vop = 10V oe < 5.0 pF 
Emitter capacitance at f = 1 MHz 
-1. =f Ss typ. 10 pF 
Ic =I = 0; VEBp =0.5 V Ce = 15 pF 
Transition frequency at f = 100 MHz 
_ ; _ > 150 MHz 
Ic = 10 mA; Vop =5 V fp Bi 980 Mi 
Noise figure at Rg = 2 kQ 
Z Re typ. 2 dB 
f = 1 kHz; B = 200 Hz F fs 6 4B 
BCYS8VII |BCY58VIII | BCYS8IX|BCY58X 
BCY59VII | BCY59VIII | BCYS9IX|BCY59X 
D.C. current gain 
> - 20 40 100 
oa GE MEE typ. 20 95 190 300 
> 120 180 250 380 
Io = 2mA; VcR=5 V hep typ. 170 250 350 500 
< 220 310 460 630 
— > 80 120 160 240 
— Ic = 10 mA; VcR=1V hep typ. 250 300 390 550 
Iq =100mA; Veg=1V hpp > 40 45 60 60 
h parameters at f = 1 kHz 
Ta = 2 mA; VcR=5 Vv 
> 1.6 Zed 3.2 4.5 kQ 
Input impedance Hie typ. 2.7 3.6 4.5 7.9 kQ 
< 4,5 6.0 8.5 12) k& 
Reverse voltage transfer ratio hye typ. 1.5 2 3 1074 
> 125 175 250 350 
Small signal current gain he, typ. 200 260 330 520 
< 250 350 500 700 
typ. 18 24 30 50 pA/V 
Output admittance Noe 30) 50) 60 100 pA/V 
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CHARACTERISTICS (continued) 


Switching times 
Ic = 10 mA; Ip = 1 mA; -IpM = 1 mA 
R1 = 5 kQ2; R2 = 5 kQ; Ry = 990 £2 
Vpp = 3.6 V 


delay time 


rise time 
turn on time 
storage time 
fall time 


turn off time 


Ic = 100 mA; Ip = 10mA; ~-Ipm = 10 mA 


R1 = 500 £2; R2 = 700 92; Ry = 98 82 


Test circuit: 


+9OV 
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delay time 


rise time 


turn on time 


storage time 


fall time 


turn off time 


loft 


7 7258992 


typ. 35 ns 
typ. 50 ns 
typ. 85 ns 
< 150 ns 
typ. 400 ns 
typ. 80 ns 
typ. 480 ns 
< 800 ns 
typ. bs) ns 
typ. 50 ns 
typ. oye) ns 
< 150 ns 
typ. 250 ns 
typ. 200 ns 
typ 450 ns 
< 800 ns 
Ri 
0+10V 
Oscilloscope: 
Rj > 100 kQ 


r 


t. < 15ns 


BCY58 
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BCY70 to 72 


= 
SILICON PLANAR EPITAXIAL TRANSISTORS Ge 


—2— 
P-N-P transistors in TO-18 metal envelopes intended for general purpose industrial applications. The 
BCY71 is a low noise version. 
QUICK REFERENCE DATA 
Collector-base voltage (open emitter) —VcBO 
Collector-emitter voltage (open base) —VCEO 
Collector current (peak value) —Icm 
Total power dissipation up to Tamp = 25 °C Prot max. 350 mW 
Junction temperature Tj max. 200 OC 
D.C. current gain 
—Ilc = 10mA; —VcE=1V hfe > 100 
Transition frequency at f = 100 MHz 
—Ic = 10 mA; —Vcg = 20 V ft > 250 MHz 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-18. 
Collector connected to case. 
j Vo,51 = 
48 RINGS 
max 
v 
L Boel 12,.7min ——> 
an? 7269420,1 
Accessories: 56246 (distance disc). 
= Products approved to CECC 50 002-079/081, available on request. oa 
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BCY70 to 72 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Emitter-base voltage (open collector) 


Collector current (d.c.) 

Collector current (peak value) 

Emitter current (peak value) 

Total power dissipation up to Tampb = 25 OC 
Storage temperature 

Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 
From junction to case 


BCY70 | BCY71 


—VcBO max 45 30 V 
—VCEO max. 40 45 25 V 
—VEBO max. 5,0 5,0 5,0 V 
—Ic max. . 200 mA 
* —Iom max. 200 mA 
lem max. 200 mA 
Prot max. 350 mW 
Te 65 to + 200 oC 
Tj max. 200 °c 
Rth j-a = 500 K/W 
Rth j-c = 150 K/W 
7282285 


ERS ERR Ree Se 
cae eee Eecleule teal Nite Wailea eel caerled 
A 


Fig. 2 Maximum permissible power dissipation as a function of ambient temperature. 
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Silicon planar epitaxial transistors BCY70 to 72 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 


Collector cut-off current 


le = 0; -VcB = —-VcBOmax —lcBo 
le =0;-Vcp=40V —ICBO 
le = 0; —Vcp = 40 V; Tj = 100 °C —IcBo 
le =0;-Vcep=25V —IcBo 
IE = 0; —-Vcp = 25 V; Tj = 100 °C —lcBo 
—Vce = 50 V; -Veg =3,0 V —ICEX 
Emitter cut-off current 
Ic = 0; Veg =4,0V —lEBO 
Ic = 0; -VeEg = 4,0 V; Tj = 100 °C —lEBO 
Ic = 0;-Vep =5,0V —lEBO 


Saturation voltages 


—Ic¢ = 10 mA; —Ip = 1,0 mA —VCEsat Ble ne a 
= typ. 750 mV 
VBEsat 600 to 900 mV — 
typ. 190 mV = 
—Ic= 50 mA; —Ip = 5,0 mA —VCEsat a 500 mV — 
_\y typ. 860 mV 
BEsat < 1200 mV: 
Knee voltage (see Fig. 3) 
—I¢ = 10 mA; —Ip = value for which 
typ. 270 mV 
—Ic=11 mA at-Vop=1V ~VcEK Ze 2a0 ny 
-I¢ 
(mA) 


1 }-->= 
10 


7260132 


Fig. 3. -VoEK 1 “Voce (V) 
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BCY70 to 72 


D.C. current gain 
—Ic = 10 wA; —Vcg = 1,0 V 


—I¢ = 0,1 mA; —Vcg = 1,0 V 
—Ic = 1,0 mA; —VcgE = 1,0 V 


—Ic¢ = 10 mA; —VcE = 1,0 V 
—Ic = 10 mA; —VcgE = 1,0 V BCY71 
—Ic = 50 mA; —Vcg = 1,0 V 


Collector capacitance at f = 1 MHz 
le =le=0;-Vcp=10V 


Emitter capacitance at f = 1 MHz 
Ic =I, = 0; -Vep = 1,0 V 


Transition frequency at Tamb = 25 OC 
—lc¢ = 10 mA; —Vcg = 20 V; f = 100 MHz 


—lc = 100 vA; —Vcg = 20 V; f = 10,7 MHz 
Noise figure 

—Ic = 100 wA; —VcgE = 5,0 V 

*= 10 Hz to 10 kHz; Rs = 2,0 kQ 
h-parameters (common emitter) 

—Ic = 1,0 mA; —Vcg = 10 V; f = 1 KHz; 

Tamb = 25 °C 

Input Impedance 


Reverse voltage transfer ratio 


Small-signal current gain 


Output admittance 
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60 
245 


80 
270 


100 
300 


100 
290 


400 


175 


250 
450 


MHz | 
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MHz 
MHz 


Silicon planar epitaxial transistors 


Switching times of the BCY70 and BCY72. 
—Ic¢ = 10 mA; —IBon = + !Bofe = 1 MA 


delay time 
rise time 
turn-on time 
storage time 
fall time 


turn-off time 


ty 


ty 


3,0V 


70 V 
71272343 
Fig. 4 Test circuit. 
input aL 

tort 

90 % 90% 
output 
10% 10% 
7272342 
tg ee ts te 


Fig. 5 Switching waveforms. 
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Silicon planar epitaxial transistors BCY70 to 72 
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Fig. 31. 


Determination of total noise figure 
Total noise at f << 15 kHz includes flicker noise and white noise. 
The relationship is as follows: noise factor = 1 + flicker noise factor + white noise factor. 


The flicker noise factor can be derived from the curves of the graph above, the white noise factor from 
the curves of the graph on page 18. 


Example: 


Assume a BCY71 operating at f = 200 Hz; I¢ = 200 wA with a source resistance Rg = 10 kQ2. From the 
graph on this page it follows that at Il_ = 200 nA with Rs = 10 kQ2 the product of frequency and 
flicker noise factor is 110. Since the frequency is 200 Hz, the flicker noise factor is 110/200 = 0,55. 
From page 18 it follows that at Ie = 200 vA with Rs = 10 kQ the white noise figure is 0,9 dB, repre- 
senting a factor of 1,23. Thus the total noise factor = 0,55 + 1,23 = 1,78 or 2,5 dB. 
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SILICON PLANAR EPITAXIAL TRANSISTORS 


P-N-P transistors in TO-18 metal envelopes, intended for use in amplifier and switching applications. 


QUICK REFERENCE DATA 


Collector-emitter voltage (open base) 


Collector current (d.c.) 


Total power dissipation 
up to Tamb = 45 PC 
up tO Tease = 45 OC 


Junction temperature 


Small-signal current gain 
—Ic=2mA;—-Vcp=5V 


Transition frequency at f = 35 MHz 
—Ic=10mA;—VcE=5V 


Noise figure at Rg = 2 kQ 
—Ic = 200 vA; -VcE=z5V 
f = 1 kHz; B = 200 Hz 


MECHANICAL DATA 
Fig. 1 TO-18. 
Collector connected to case 


Accessories: 56246 (distance disc). 


BCY78 | BCY79 


max. 32 45 V 
max. 200 mA 
max. 345 mW 
max. 1000 mW 
max. : 200 OC 


BCY78—-VII 
BCY79—VII 


Dimensions in mm 


Yost 
~ 4max 


88 ee 12,7min ——> 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages BCY78}|BCY79 
Collector-emitter voltage (Vpr = 0) -VcRrs max. V 
Collector-emitter voltage (open base) -~VCEO max. V 
Emitter-base voltage (open collector) -VEBO max. V 
Currents 
Collector current (d.c. ) -Ic max. 200 mA 
Base current (d.c.) -Ip max. 20 mA 
Power dissipation 
Total power dissipation up to Tamb = 45 °C Prot max. 345 mW 

up to Tease = 45 °C Prot max. 1000 mW 
Temperatures 
Storage temperature T ste -65 to 200 XC 
Junction temperature Tj max. 200 oC 
THERMAL RESISTANCE 
From junction to ambient in free air Rth j-a = 0,45 °C /mW 
From junction to case Rth j-c = Oe os °C /mW 


2 ; December 1976 


CHARACTERISTICS Tamb = 25 °C unless otherwise specified 


Collector cut-off currents 
VBE = 0; -VoR =25V 
VBE = 0; -VcRE =35.V 
VeE = 9; -VoR = 25 V; Tamb = 150 %C 
VpE = 0; -VcE = 35 V; Tamb = 150 % 


Vee = 9; ~Vor = ~VCEOmax 
~VEp = 0,2 V; -VCE =-VCEOmax: Tamb = 100 °C 


Emitter cut-off current 
Io = (0): -VERp =4V 


Colector-emitter breakdown voltage 


VBE = 0; -Ic = 10 pA 
Ip =0; -Ic = 2 mA 


Emitter-base breakdown voltage 
Ic = 0; -Ip = 1 pA 

Base-emitter voltage 

=la = 10 pA ; -VoRp=5V 


1 
_— 
I 


C 
-Ic = 10 mA;-VcR=lV 
-Ic = 100 mA; -VcR=1V 


Saturation voltages 


-Ic = 10 mA; -Ip = 250 pA 


-Ic = 100 mA; -Ip =2,5 mA 


7 


Transition frequency at f = 35 MHz 
-Ic = 10 mA; -VoR=5V 


-IcES 
-ICES 
-ICES 
-ICES 
-IcES 
-ICEX 
-lgBO 
-V(BR)CES 
-V(BR)CEO 
-~V(BR)EBO 7 s) V 
~ VBE typ. 950 mV — 
7 typ. 650 mV — 
VBE 600 to 750 mV cane 
-VRBE typ. 680 mV 
-VBE typ. 750 mV 
typ. 120 mV 
-VCEsat < 250 mV 
a typ. 700 mV 
BE sat 600 to 850 mV 
typ. 400 . mV 
“VcEsat gg mV 
typ. 850 mV 
VBEsat 700 to 1200 mV 


T 
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BCY7 
CHARACTERISTICS (continued) . _ Tamb = 25 °C unless otherwise specified 
Collector capacitance at f = 1 MHz po | 
) Me IDS 4,5 F 
Ip =Ile =0;-Vop= 10V- | t Ceo, ie ie 7,0 OF 
Emitter capacitance at f=1 MHz » 
| typ. ll F 
Io =Ie =0;-Vege0,5V 7 , ee Pe es pi e 
Noise figure at Rg = 2 kQ 
-Ic = 200 pA; -VcR =zr5V 
f = 1 kHz; B = 200 Hz Rae ; ie 
BCY78-VII 
D.C. current gain ciabalaciles 
“Io = 10pA;-VoR=5V . | her 
“Ic = 2mA;-VcE=5V. - her 
_ Ig = 10mA;-Vop=l1V -) | hp | 
-Ic = 100 mA; -VcE=z1V her 
— h-parameters at f = 1 kHz 
— -Ico = 2mA;-VcR=5V 
= Input impedance hje ; 7,5 kQ 
Reverse voltage transfer ratio hye : 3 1074 
Small-signal current gain hfe 
Output admittance hoe ; Fe a 
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CHARACTERISTICS (continued) 


Switching times 


-Icon = 10 mA; -Igon = [Boff= 1mA 
R1L=R2 =5 kQ2; Ry = 990 
Vp =3,6V delay time tq typ. 35 ng 


rise time tr typ. 50 «ons 


typ. 85 ns 
turn-on time (tqg+ty) ton - 


< 150 ns 
storage time ts typ. 400 ns 
fall time tf typ. 80 ns 


turn-off time (tg+t,) — tog¢ typ. 480 ns 


< 800 ns 
—IGon = 100 mA; -IBon = IBoff=10mA 
R1 = 500 2; R2 = 700 82; Ry, = 98 | 
Vp =5V delay time tq typ. 5 ns 
rise time ty typ. 20 «ons 


turn-on time (tq+tr) ton typ. 55 ns 


< 150 ns 
storage time . ts typ. 250 ns 
fall time te typ. 200 ns 


turn-off time (tg +t) tore oe 450 ns 


800 ns 


Test circuit: 


at 1 us —~ 
OV 


t= Ins 7272951 
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7Z72959 


typ. values 
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BCY87 to 89 


N-P-N SILICON PLANAR DUAL TRANSISTORS 
FOR DIFFERENTIAL AMPLIFIERS 


Matched dual n-p-n transistors in a TO-71 metal envelope with all leads insulated from the case. 
They are primarily intended for differential amplifier applications in general industrial service; e.g. 
instrumentation and control. 


Products are divided into three types according to their matching accuracy. 

The BCY87 and BCY88 are intended for applications in pre-stages of differential amplifiers where low 
offset, drift and noise are of prime importance. The BCY89 is for second stages, long-tailed pairs and 
more general purposes. 


QUICK REFERENCE DATA 


Ratings 

Collector-base voltage (open emitter) VCBO —-max 45 V 
Collector-emitter voltage (open base) VCEQ max 40 V 
Total power dissipation up to Tampb = 25 °C Prot max 150 mW 
Junction temperature Tj max 175 °C 


Characteristics of the complete device with collector-base voltage of 10 V and sum of emitter currents 
from 10 to 100 wA. 


BCY87 


Ratio of collector currents at 


V1iB—1E = V2B—2E lac/loc 0,9—1,11 | 0,8—1,25 | 0,67—1,5 
Base current difference at 
Vip—1e=V2B-2E [lip-laB| < 25 300 nA 
Equivalent differential voltage AV es 
change with temperature * AT | < 3 10 pV/°C — 
Equivalent differential current Al at 
change with temperature * a | < 0,5 10 nA/°C 
MECHANICAL DATA : Dimensions in mm 
TO-71 
All leads insulated 
from the case 
4 V 0,51 
4,8 4max 
max 
yt 


53 ole 12,7min ———— >| 7276757 


* Tamb = —20 OC to +90 °C. 
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BCY87 to 89 


RATINGS see page 7 


CHARACTERISTICS of the individual transistors 


Taga. = 25 -C unless otherwise specified 


Collector cut-off currents BCY87 | BCY88 | BCY89 


In = 0; Vop = 20 V3; Tamb = 90 PC Icpo < - nA 
In = 0; Vop = 20 V Icpo < 10 nA 
D.C. current gain 
Ic = SMA; Vop = 10 V hpR > - 
> 100 
Ic = S50 uA; Vop =10V hPR 2 450 
> ~ 
Ic = 500 HA; Vcp = 10 V hFE 7 
z 
Ic = 10 mA; Vop=10 V hFE | i 
Transition frequency 
~Ip = 50 UA; Vop = 10 V fr > 10 MHz 
-Ip = 500 uA; Vcp =10V [Tv 50 MHz 
— Collector capacitance at f = 1 MHz 
—— Ip = Ie = 0; Vep=l0V ce 3.5 pF 
Noise figures 
In = 50 UA; VcR =5 V; Rg = 10 k2 
C 
Bandwidth 10 Hz to 15 kHz a. 7 
1 kHz spot noise figure 
Ic = 50 UA; VCE =5 V; Rs = opt. F < dB 


Bandwidth = 200 Hz 


2 February 1971 


BCY87 to 89 


“CHARACTERISTICS of the complete device. 


These characteristics are valid under the following conditions: 

a. Collector -base voltage of both transistors not exceeding 10 V (V)}C-1B = Voc-oR 
<10V) 

b. Sum of the emitter currents from 10 to LOO UWA 
-()¢ + Iog) = 10 to 100 uA 


MATCHING CHARACTERISTICS 


Ratio of collector currents 


Difference between base-emitter voltages 


lic cd loc V1B-16 -V9p-28| < 3 10 mV 
Difference between base currents 
V1B-1E * V2B-2E tip -Top | < 25 300 nA 


D.C. current gain ratio 
lic =12¢ hiFg /haFE 0.9-1. 11 


Illustration of matching characteristics: 


=Te 
-Iyg=-Igg p---- 7-7-7 ----------- > 2 


720797 Vip -16= "28-26 ee awe VBE 7208417 Vip—1e = VoB-26 
AS) q 
ee. iN 7 AV 
lie ~~ KT BE 
IQE 
ia measured at AVpp = 0 


I 
AV}3}; measured at ee ] 
iE 
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BCY87 to 89 


CHARACTERISTICS - of the complete device (continued) 
Equivalent circuit for drift 


In the equivalent circuit the transistors are considered to be drift free. 
All temperature coefficients are concentrated in the voltage source F- and in the 


current source =, . 
AT 


It should be noted that the differential current change given is only valid when the 
source resistances are almost equal; the differential voltage change only when the 
base-emitter voltages are almost equal. 


AV 
AT 


transistors free 
from thermal drift 


Block symbol of test amplifier 


The test amplifier, used in the tests on page 5, is described on pages 6 and 7. It is 
represented by the following amplifier symbol: 


input 
—O 


output 


O 
7207968 


input 
+ 
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BCY87 to 89 


CHARACTERISTICS of the complete device (continued) 
Equivalent differential voltage change with temperature 


BCY87| BCY88 | BCY89 


AV typ. 1 4 pVv/0C 
= O fall 
Tamb 20 to +90 9C AT < 8 10 UV/°C 
Equivalent differential current change with temperature 
AI 
Tamb = —-20 to +90 oC x= < 0.5 10 nA/°C 
Test methods 
AV Al 
AT AT 
R2=10k.M 1% 


R2=10kQ. 1% 


° 
o 
_ 
° 
a o 
oO 
Oo 
g 3 
" = 
- u Q 
& a TT i: 
5 & ; 
o 4 
= o 
e& 
: am 


7208412 


NOTE 


To prevent contact potentials, Layo 
connections should be soldered. Rv2 


Amplification factor determined by feedback circuit: = = 100 


Output voltage against time is recorded. 


The temperature of the amplifier is adjusted to T,; between —20 and +90 °C. Whenit 
has stabilized, the output voltage is brought to zero ( \Vri| <1 mV)!). The ampli- 
fier temperature is then adjusted to T2 between ~—20 and +90 °C. When it has stabi- 
lized the output voltage can be read off. 


AV VT2-VTl1 RL : Al _Vq72-VT1 . Rl 1 


oT “Got, Re. Ar” “pea; RD ORs 


A 
l) For = adjusted by Ry] 


Al 
For ar: first by Ry] with S1 and S2 closed, then by Ry withthe switches open, 
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BCY87 to 89 


Differential test-amplifier 


The test amplifier (including feedback resistors, source-resistors and biasing- 
resistors) should be mounted in a small box to ensure a uniform temperature 
throughout. 


O +15V 


| as 
Le 
fe = a 
5 j 8.2 nF 


ToeaisTO ~ 1OV 


r 


!) Relative temperature coefficient < 107°/°C 


2) The device at the input is the device under test 
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Performance of the test amplifier 

Open loop voltage gain (Z1,, = 10 k&2) Gy typ. 
Frequency at which Gy = 1 . fy typ. 
Max. common mode input voltage range | 

Max. output current 

Max. output voltage 

Input resistance Rj 

Output resistance Ro typ. 


Common mode rejection ratio 


100 EH et Pt 
PTT ASE 

Gy =a a PAN 
ee RE PT TAA TP 
(dB) EL] | 
I | | 
a | a | | | | 
PTT TE 
PT NN 000 a a | 
Xo) a | | 
EH ETE 
PP TT 
aT ET 
PTT TT NT 
PT NT 
iar is BE EEL | 
PPT TN 
PTT TT TON 
PTT PT ONT 
LL eT, 


‘0 10” 10° 10° 10° 0° 10” 
RATINGS (Limiting values) I) 
Voltages (each transistor) 
Collector -base voltage (open emitter) VCBO max. 
Collector-emitter voltage (open base) 

Ic = 10 mA VCEO max. 
Emitter-base voltage (open collector) VEBO max. 
Currents (each transistor) 

Collector current (d.c. ) Ic max. 
Total power dissipation up to Tamb = 25 °C Prot i 
Temperatures 

Storage temperature T stg max. 
Junction temperature Tj max, 
THERMAL RESISTANCE 

From junction to ambient Rth j-a = 


1) Limiting values according to the Absolute Maximum System as 
publication 134. 


February 1971 


10 MHz 


aN 
ul 
< 

TT 


1 °C/mW 


defined in IEC 


MAINTENANCE TYPE BFi5 << 


SILICON PLANAR EPITAXIAL TRANSISTOR 


N-P-N transistor ina TO-72 metal envelope with insulated electrodes and a shield lead connected to the 
case. It is intended for general broadcast and television. 


! 
QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcBo max. 50 V 
Collector-emitter voltage (open base) VCEQ max. 30 V 
Collector current (d.c.) Ic max. 30 mA 
Total power dissipation up to Tampb = 45 OC Prot max. 145 mW 
Junction temperature Tj max. 175 °C 
Transition frequency 

Ic = 1mA; Vcg = 10 V ft typ. 230 MHz 
Noise figure 


Ic = 1mA; Vcg = 10 V 


f=  1MHz; Gg =3,3 mA/V F typ. 1,2 dB 
f = 100 MHz; Gs = 10 mA/V F typ. 4 dB 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-72. 
1,1 
< cies 
4 Yost — 
48 Amax 
max 
max y 


53 ole — 12,7min ———> 
7Z69805 1 


(1) = shield lead (connected to case). 
Accessories: 56246 (distance disc). 


FOR NEW DESIGN THE SUCCESSOR TYPES BF494 OR BF495 ARE RECOMMENDED 


October 1982 1 


BFii5 


RATINGS 


Limiting values in accordance with the Absolute maximum System (IEC 134) 


Collector-base voltage (open emitter) 


Collector-emitter voltage (open base) 
(see also page 5) 


Collector-emitter voltage (see page 5) 
Emitter-base voltage (open collector) 
Collector current (d.c.) 

Collector current (peak value) 

Total power dissipation up to Tamb = 45 OC 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 


From junction to ambient in free air 


October 1982 


VCBO 


VCEO 
VCER 
VEBO 
Ic 
ICM 
Prot 

T stg 
qj 


Rth j-a 


max. 50 
max. 30 
max. 50 
max. 5 
max. 30 
max. 30 
max. 145 

—65 to +175 
max. 175 
= 0,9 


K/mW 


SILICON PLANAR TRANSISTOR 


N-P-N transistor in a TO-72 metal envelope with insulated electrodes and a shield lead connected to the 
case. The BF 180 is primarily intended for application in a forward gain controlled preamplifier in u.h.f. 
and integrated television tuners. 
QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcBo max. 30 V 


Collector-emitter voltage (open base) VCcEQ max. 20 V 
Collector current (d.c.) Ic max. 20 mA 
Total power dissipation up to Tampb = 25 9C Prot max. 150 mW 
Junction temperature Tj max. 175 °C 
Transition frequency 
Ic =2 mA; Vcge = 10 V fT typ. 675 MHz 
Feedback capacitance at f = 10,7 MHz 
lc =1mA; Vee =10V Cre typ. 280 fF 
Maximum unilateralized power gain 
—Ie =2 mA; Vop = 10 V; f = 200 MHz Gum typ. = = 24 «GB 
—le = 2 mA; Vcp = 10 V; f = 900 MHz GuM typ. 12 dB 
Noise figure at optimum source admittance 
—le =2 mA; Vcp = 10 V; f = 200 MHz F typ. 2,5 dB 
—lI—e = 2 mA;.Vcp = 10 V; f = 800 MHz F typ. 5,7 dB 
MECHANICAL DATA Dimensions in mm arms 
Fig. 1 TO-72. — 


0,51 
max 


A ~ 
f 


| 5,3 | 
a 2 -pi-<t—!| 12,7 min 
max 3 7265579 2 


(1) = shield lead (connected to case). 
Accessories: 56246 (distance disc). 
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BF180 


RATINGS (Limiting values) 1) 


Voltages 

Collector -base voltage (open emitter) VcBo max. 30 V 
Collector -emitter voltage (open base) VCEO max. 20 V 
Emitter -base voltage (open collector) VEBO max. 3.é«V 
Currents 

Collector current (d.c.) Ia max. 20 mA” 
Collector current (peak value) Iom max. 20 mA. 
Power dissipation 

Total power dissipation up to Tamp = 25 °C Prot max. 150 mW. 
Temperatures 

Storage temperature T stg -65 to+175 °C 
Junction temperature T; max. 175 °C , 
THERMAL RESISTANCE 

From junction to ambient in free air Rthj-a = 1 °C/mW 


!) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 


2 June 1968 


CHARACTERISTICS 
Base current 
-Ip = 2mA; Vcp=10V 
-Iz = 12 mA; Vcp= 7V 
Emitter -base voltage 
=le= 2 mAs Vop = AN Vv 
Feedback capacitance at f = 10.7 MHz 
Ic = 1mA; VCE = 10V 
Transition frequency 
Iq =2mA; VcRp=10V 
Noise figure 2) 
~Ip = 2 mA; Vcp = 10 V; 
Gg = 40 mQ~!; Bo = 0; f = 200 MHz 
-Ip = 2 mA; Vcop = 10 V; 
Ge = 10 m2~!; Bs = 0; f = 800 MHz 
Maximum unilateralised power gain 2) 


__lyth| 2 
UM "4 gib Zob 


-Iz = 2mA; Vcp=10V;f£= 50 MHz 
~Ip = 2 mA; Vcp = 10 V; f = 200 MHz 
-Ip = 2 mA; Vcp = 10 V; f = 500 MHz 
-Ip = 2mA; Vcp = 10-V; f = 900 MHz 


Transducer gain 2) 
-Ip = 2 mA; Vop = 10 V; f = 200 MHz; 
Gg = 40 mQ-!; Bs = 0 
Gy = 1moe-1; By, : tuned 
-Ip = 2 mA; Vcp = 10 V; f = 900 MHz; 
Gs = 20 mQ-1; Bs = 0 
Gy, = 2mo71; By, : tuned 
1) 1 £F = 1 femtofarad = 10719 F 


Ip 


Ip 


GUM 
GUM 
GUM 
GUM 


Gtr 


Gtr 


typ. 
< 


< 


typ. 


typ. 


typ. 


typ. 


a 
typ. 


45 
150 


Zee 


280 


6795 


& & 


32 
24 
14 
12 


16.5 


9 


Tamb = 29 OC unless otherwise specified 


HWA 
UA 


MHz 


BES & 


dB 
dB 


2) Common base configuration, metal envelope contacted to earth directly, ex- 


ternal lead length: 1 mm. 


| 
\ 
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—_—__ +t. ‘ypical values 


|4ol| og =10V 
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lead length=I]mm 
can to earth 


typical values 
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SILICON PLANAR TRANSISTOR 


N-P-N transistor in a TO-72 metal envelope with insulated electrodes and a shield lead connected to the 
case. The BF 181 is primarily intended for application as mixer-oscillator in the u.h.f. band. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcBO max. 30 V 
Collector-emitter voltage (open base) VcEQ max. 20 V 
Collector current (d.c.) Ic max. 20 mA 
Total power dissipation up to Tamp = 25 °C Prot max. 150 mW 
Junction temperature Tj " max. 175 °C 
Transition frequency 

Ic =2 mA; VcE=10V fT typ. 600 MHz 
Feedback capacitance at f = 10,7 MHz 

Ic =1mA; Vege =10V | Cre typ. 280 fF 
Maximum unilateralized power gain 

—Ie =2 mA; Vcp = 10 V; f = 900 MHz GuM typ. 11 dB 
Noise figure at optimum source admittance 

~—Ie— = 2 mA; Vcp = 10 V; f = 900 MHz F typ. 6,8 dB 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-72. 


A = 0,51 
48 4max 
max 

v 


ls. 5,3 a os 12,7 min ——> 
max 7265579 2 


(1) = shield lead (connected to case). 
Accessories: 56246 (distance disc). 
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BF 181 


RATINGS (Limiting values) 1) 


Voltages 

Collector -base voltage (open emitter) VcCBO max. 30 V 
Collector -emitter voltage (open base) VCEO max. 20 V 
Emitter -base voltage (open collector) VEBO max. 3.é«V 
Currents 

Collector current (d.c.) Ig max. 20 mA 
Collector current (peak value) Iom max. 20 mA 
Power dissipation 

Total power dissipation up to Tamp = 25°C — Prot max. 150 mW 
Temperatures 

Storage temperature T stg -65 to+175 °C 
Junction temperature T; max. 175 °C 
THERMAL RESISTANCE 

From junction to ambient in free air Rthj-a = 1 °C/mW 


l) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 
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CHARACTERISTICS 
Base current 


-Ip = 2 mA; Vcp=10V Ip 


Emitter -base voltage 
-Iz = 2 mA; Vcp=10V -VEB 


Feedback capacitance at f = 10.7 MHz 


Ic=1mA;Vcp=10V_ Gs 
Transition frequency 
Ic =2mA; VcoR = 10 V frp 


y parameters at f = 35 MHz 2) 
-Ip = 2 mA; Vcp=10V 
Output conductance Zob 


Output capacitance Cob 


Maximum unilateralised power gain 2) 


_ ly¥mp| 2 
UM "4 gib Sob | 
~Ip = 2 mA; Vcp = 10 V; f = 500 MHz GUM 
-Ip = 2 mA; Vcp = 10 V; f = 900 MHz GuM 


Transducer gain 2) 
-I; = 2 mA; Vop = 10 V; f = 900 MHz; 
Gg = 20 mQ~!; Bg = 0 
Gy =2ma-7l; B;, : tuned Gtr 


1) 1 £F = 1 femtofarad = 10715 F, 


typ. 


typ. 


typ. 
typ. 


typ. 


70 
150 


0.75 


280 


600 


10 
0.9 


13.5 
11 


Tamb = 25 °C unless otherwise specified 


YA 
LA 


MHz 


wot 
pF 


Gs 


2) Common base configuration, metal envelope contacted to ear eirectly, ex- 


ternal lead length: 1 mm. 
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U.H.F. SILICON PLANAR TRANSISTOR 


N-P-N transistor in a TO-72 metal envelope with insulated electrodes and a shield lead connected to the 
case. The BF 182 is primarily intended for application as mixer in integrated television tuners. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcCBO 
Collector-emitter voltage (open base) VCEO 
Collector current (d.c.) Ic 
Total power dissipation up to Tampb = 25 °C Prot 
Junction temperature : Tj 
Transition frequency 

Ic =2 mA; VceE = 10 V | fT 
Maximum unilateralized power gain 

—le =2 mA; Vcp = 10 V; f = 900 MHz GUM 
Noise figure at optimum source admittance 

—Ie = 2 mA; Vcp = 10 V; f = 800 MHz F 


MECHANICAL DATA 
Fig. 1 TO-72. 


4,8 
max 
| 


(1) = shield lead (connected to case). 
Accessories: 56246 (distance disc). 


a 9,3 Sis 12,7 min ——~ 
max 7265579 2 


typ. 


typ. 


typ. 


25 V 
20 V 
15 mA 
150 mW 
175 °C 


650 MHz 


11 dB 


7,4 dB 


Dimensions in mm 


0,5 
ma 


a 
N 
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BF182 


RATINGS (Limiting values) ly 


Voltages 

Collector -base voltage (open emitter) VcCBO 
Collector-emitter voltage (open base) VCEO 
Emitter -base voltage (open collector) VEBO 
Currents 

Collector current (d.c.) Ic 
Collector current (peak value) Iom 
Power dissipation 

Total power dissipation up to Tamb = 25 °C Prot 
Temperatures 

Storage temperature T stg 
Junction temperature . Tj 
THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 


CHARACTERISTICS 
Base current | 


-Ip = 2 mA; Vop=10V 


Emitter-base voltage 2) 


-Ip = 2 mA; Vop=10V 


Transition frequency 


Ic = 2.mA; VcR=10V 


Feedback capacitance at f = 10.7 MHz 
Ic =1 mA; VcR=10V . 


max. 25 V 

max 20 V 

max 3 sV 

max. 15 mA 

max. 15 mA 

max. 150 mW 

-65 to+175 OC 
max. 175 OC 

= 1 oOC/mW 


Tamb = 25 °C unless otherwise specified 


Ip 


-VEB 


typ. 
< 


typ. 


typ. 


typ. 


100 
200 


770 


650 


330 


UWA 
HA 


mV 


MHz 


1) Limiting values according to the Absolute Maximum System as defined in IEC 


publication 134. 


2) -Vpp decreases by about 1.6 mV/°C with increasing temperature. 
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CHARACTERISTICS (continued) Tamb = 25 °C unless otherwise specified 


Output conductance at f = 35 MHz 


-Ip = 2 mA; Vcp=10V Zob typ. 8 worl 


Transducer gain at f = 900 MHz (common base) |) 


-Ip = 2 mA; Vcp=10V 


= 20 mo-l; Gy, = 2 ma-! . et oe 
Gs = L°ém ou typ. 10 dB 
Max. unilateralised power gain 
_ _|¥tb| 2 
SUM ” @ gingop | 
-Ip = 2 mA; Vop = 10 V; f = 500 MHz Gym typ. 15 4B ! 
-Ip = 2 mA; Vcp = 10 V; f = 900 MHz Gum typ. 11 dB | 
Noise figure at optimum source admittance 
-Ip = 2 mA; Vcp = 10 V; f = 200 MHz F typ. 3.3 dB 
-Ip = 2 mA; Vop = 10 V; f = 800 MHz F typ. 7.4 dB 


1) Envelope connected to earth directly, lead length = 3 mm. 
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U.H.F. SILICON PLANAR TRANSISTOR 


N-P-N transistor in a TO-72 metal envelope with insulated electrodes and a shield lead connected to the 
case. The BF 183 is primarily intended for application in integrated television tuners as local oscillator 
with excellent frequency stability. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VCcBO max. 25 V 
Collector-emitter voltage (open base) VCEQ max. 20 V 
Collector current (d.c.) Ic max. 15 mA 
Total power dissipation up to Tamb = 25 OC Prot max. 150 mW 
Junction temperature Tj max. 175 °C 
Transition frequency 

Ic=3 mA; Vcf=10V fT typ. 800 MHz 
Maximum unilateralized power gain — 

—le=3 mA; Vcp = 10 V; f = 900 MHz GUM typ. 13 dB 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-72. 


‘4 Voss 
48 4max 
pe max 
| 


a 5,3 | : 
~~ lt—_— 12,7 min ——~ 
max 7265579 2 


(1) = shield lead (connected to case). 
Accessories: 56246 (distance disc). 
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BF183 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Collector-base voltage (open emitter) | VcBo 
Collector-emitter voltage (open base) VcEO 
Emitter-base voltage (open collector) VEBO 
Collector current | 
d.c. Ic 
peak value lcm 
Total power dissipation up to Tamp = 25 9C Prot 
Storage temperature T stg 
Junction temperature Tj 


THERMAL RESISTANCE 
From junction to ambient in free air Rth j-a 


CHARACTERISTICS 


Base current 

—l—- =3 mA; Vcp = 10 V Ip 
Emitter-base voltage * 

—l—p=3 mA; Vcp= 10 V —VeEB 
Transition frequency 

Ic =3 mA; Voce = 10 V fT 
Feedback capacitance at f = 10,7 MHz 

Ic = 1 mA; Veg = 10 V Cre 


Transducer gain (common base) ** 
—le=3mA; Vcp=10V 


Gs = 20 mA/V; G,_ = 2 mA/V; f = 900 MHz Gtr 
Maximum unilateral power gain 
[ve |? 
Gym (in dB) = 10 log -———— 
4 Sib Gob | 
—le = 3 mA; Vcp = 10 V; f = 500 MHz GuM 
—le =3 mA; Vcp = 10 V; f = 900 MHz GuM 


“ —Vegp decreases by about 1,6 mV/K with increasing temperature. 


** Envelope connected to earth directly, lead length = 3 mm. 
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max. 25 
max. 20 
max. 3 
max. 15 
max. 15 
max. 150 
—65 to + 175 
max. 175 

1 
typ. 125 
< 300 
typ. 770 
typ. 800 
typ. 330 
> 8,5 
typ. 12,0 
typ. 16 
typ. 13 


dB 
dB 


dB 
dB 


BF198 


SILICON PLANAR TRANSISTOR 


N-P-N transistor in a plastic TO-92 variant. The BF 198 has a very low feedback capacitance and is 
intended for use in the forward gain control stage of the television i.f. amplifier. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VCBO max. 40 V 
Collector-emitter voltage (open base) VCBO max. 30 V 
Collector current (d.c.) Ic max. 25 mA 
Total power dissipation up to Tamb = 25 PC Prot max. 500 mW 
Junction temperature Tj max. 150 °C 
Transition frequency at f = 100 MHz 
lc=4mA; Vce = 10V fT typ. 400 MHz 
Feedback capacitance at f = 10,7 MHz 
lc=1mA; VcE=10V —Cre typ. 200 fF 
Max. unilateralized power gain | 
Ic =4 mA; Vce = 10 V; f = 35 MHz GuM typ. 42 dB 
f = 45 MHz GuM typ. 39 dB 
Gain control range AGtr typ. 60 dB 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-92 variant. — 
3 = 
© io 
min ; 
ine) | | 


72709941 


diameter within 2,5 max 
is uncontrolled “ 
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a 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages 
Collector-base voltage (open emitter) VcBO max. — 40 =V 
Collector-emitter voltage (open base) VcEO max. 30 V ly 
Emitter-base voltage (open collector) VEBO Max. 4 V 
Currents 

“Collector current (d.c.) Ic max. 25 mA 
Collector current (peak value) | ICM max. 25 mA 


Power dissipation 
Total power dissipation up to Tampb = 25 °C Prot max. 500 mW 


Temperatures 


Storage temperature T sto -65 to +150 °C 
Junction temperature a max. 150 °C 
THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a = 0.25 °C/mWw 


1) See also page 6. 
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BFI98 


CHARACTERISTICS 


Base current at about 50 dB gain control 


Ic = 6mA; Vop=2V 
Ic =15 mA; Vcofp=5V 


Base current 


Ic = 4mA;Vog =10V 


Base-emitter voltage 1) 
Ic = 4mA; Vcr =10V 


Feedback capacitance at f= 10.7 MHz 
Ic = 1mA; Vor =10V 


Transition frequency at f= 100 MHz 


Noise figure 

Iq = 4 mA; Vop=10V 

Gg = 10 mA/V; f = 35 MHz; Bg = 0 
y parameters (common emitter) 

Ic = 4 mA; Vor = 10 V 


Input conductance 

Input capacitance 

Feedback admittance 

Phase angle of feedback admittance 
Transfer admittance 

Phase angle of transfer admittance 
Output conductance 


Output capacitance 


Maximum unilateralized power gain 
f 


: Yfe 
G (in dB) = 10 lo 
UM = 485 e2oe 
Io = 4mA; Vopr =10V 


Ip < 270 
Ip < 1.5 
typ. 60 
Ip < 150 
typ. 760 
VBE 850 


S33 39939 3 


GUM typ. 42 39 


1) VBE decreases by about 1.7 mV/°C with increasing temperature. 
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Tamb = 25 °C unless otherwise specified 


LA 
mA 


mV 
mV 


MHz 


dB 


mm [ 


Equivalent gain control transistor 


To ensure an almost constant input admittance and an output conductance that varies 
little with gain control, we recommend that where a BF198 is used ina gain con- 
trolled i.f. stage, a series base capacitor of 22 pF anda bias resistor of 1 kQ be 


used, 
a . 
Gar eo The transistor with these additional components is 
’ ‘effectively an “equivalent transistor" for gain con- 
VB Ros trol purposes, the signal handling capability of which 
1k may be expressed in terms of voltage. (Without these 
ne components the varying input admittance means that 
age. E the signal handling capability can only be expressed 


7Z62020 . 
in terms of power). 


The signal handling capability of the equivalent transistor as a function of AG¢y (the 
reduction in transducer gain with gain control) will be found on pages 4 and 3. 
a. Voltage versus AGty curves for a y distortion of 5% are below. 
b. Voltage versus AG;; curves for an in-band cross modulation factor of 1% are 
on page 5. 
Graphs of the y-parameters are on pages 8 to ll, 


10 7 3 
¥ distortion curves y distortion curves 
-VER=25V f =35 MHz -VEF =20V f = 35 MHz 
Vp Rg + Rc = 3.9 kQ Tamb = 25 °C Rp t+Ro 1k Tamb = 25 °C 
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Sis ee 


60 7209625 
Maximum allowable collector-emitter voltage (with resistance 
between base and emitter and Ic = 2mA) versus the base resis- - 4 


VCER tance applied. 


( V) The same curve applies to 5 


itances are used. 
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BFI98 
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Voltage control; -Vpr = 25 V; Rp + Ro = 3.9 kQ; f = 35 MHz 


103 5 peut 7209612 
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y-parameters of the equivalent gain control transistor, including base capacitor and 
base resistor as shown on page 4 (dashed curves apply to the transistor only). 
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y-parameters of the equivalent gain control transistor, including base capacitor and 
base resistor as shown on page 4 (dashed curves apply to the transistor only). 


BFI98 


Current control; -VeR = 20 V;RE+ Ro = 1 k82; f = 35 MHz 
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y-parameters of the equivalent gain control transistor, including base capacitor and 
base resistor as shown on page 4 (dashed curves apply to the transistor only). 
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Current control; -Vpp = 20 V; Rp + Ro = 1 kQ; f = 85 MHz 
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y-parameters of the equivalent gain control transistor, including base capacitor and 


base resistor as shown on page 4 (dashed curves apply to the transistor only). 
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APPLICATION INFORMATION 


First stage of ani.f. amplifier 
Basic circuit with voltage gain control: Rp + Rc = 3.9 kQ; -VeR = 25 V 


current gain control: RR +Rco= 1 kQ; -VeR =20V 
3pF . 


33pF 


R = 
82pF 500, 


O 
7262022 


Z O O 


Vag Cc —VEE 


output power in load Ry], 
Gtr (in dB) = 10 log 


available power from source Rs 
f = 36.4 MHz; Ic =4 mA; Re+Ro=3.9 kQ3 -Vap=25V Gy typ. 25.5 dB 


Gain control range (see also upper graphs next page)  AGtr typ. 60 dB 
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BF199 


SILICON PLANAR EPITAXIAL TRANSISTOR 


N-P-N transistor in a plastic TO-92 variant envelope. 


The BF 199 has a very low feedback capacitance and is intended for use in the output stage of a vision 
i.f. amplifier. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcBO max. 40 V 
Collector-emitter voltage (open base) VCEQ max. 25 V 
Collector current (d.c.) Ic max. 25 mA 
Total power dissipation up to Tamb = 25 OC Prot max. 500 mW 
Junction temperature qj max. 150 9C 
Transition frequency at f = 100 MHz 

Ic =5mA; VceE = 10 V tT typ. 550 MHz 
Feedback capacitance at f = 10,7 MHz 

Ic = 1 mA; Vcg = 10 V Cre typ. 340 fF 
Maximum unilateral power gain 

Ic = 7 mA; Vcg = 10 V; f = 35 MHz GuM typ. 44,4 dB 
Video detector output voltage Vo typ. 7,73 
MECHANICAL DATA | Dimensions in mm 
Fig. 1 TO-92 variant. = 

3 = 
4 min 
7278181 2 
<— 


7Z70984.1 


diameter within 2,5max 
is uncontrolled Fat 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages 
Collector -base voltage (open emitter) 
Collector -emitter voltage (open base) 


Emitter -base voltage (open collector) 


Currents 
Collector current (d.c.) 


Collector current (peak value) 


Power dissipation 


Total power dissipation up to Tamb = 25 “G 


Temperatures 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 


From junction to ambient in free air 


1) See also page 4 


VCBO 
VCEO 
VEBO 


max. 40 
max. 25 
max. 4 
max. 25 
max. 25 
max. 500 
-65 to+150 
max. 150 
= 0.25 


mW 


oC 
2c 


°C /mW. 
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Silicon planar epitaxial transistor 


CHARACTERISTICS 
Tamb = 25 OC 
Base current 

lc =7 mA; Veg = 10 V 


Base-emitter voltage * 
lc=7mA; Vce = 10V 


Transition frequency at f = 100 MHz 
lc =5 mA; Vcg = 10 V 


Feedback capacitance at f = 10,7 MHz 
lc=1mA; VcgE = 10 V 


y-parameters (common emitter) 
lc =7 mA; VcgE = 10 V; f = 35 MHz 
input conductance 


input Capacitance 
feedback admittance 
phase angle of feedback admittance 
transfer admittance 
phase angle of transfer admittance 
output conductance 
output capacitance 
Maximum unilateral power gain 
| Vfe |? 
4 Jie Soe 
lc =7mA; Veg = 10 V 


Gum (in dB) = 10 log 


* Vpe decreases by about 1,7 mV/K with increasing temperature. 


VBE 


fT 


GUM 


typ. 


typ. 
typ. 
typ. 
typ. 
typ. 
typ. 
typ. 
typ. 


typ. 


BF199 


60 wA 
185 pA 


775 mV 
925 mV 


550 MHz 


340 fF 


5,5 mA/V 
55 pF 
75 pA/V 
268° 

220 mA/V 
3389 

80 wA/V 
2,0 pF 


44,4 dB 


July 1979 


BFI99 


7209597 


60 
Maximum allowable collector-emitter voltage (with resistance 
between base and emitter and 1; = 2 mA) versus the base resis- 
tance applied. 

when external capac- 


1 1 
The same curve applies to —~— OC, and ——— CE 


itances are used, ry PTTL 
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APPLICATION INFORMATION 


Output stage of television video i.f. amplifier with the BF199 transistor, followed 
bya video detector circuit. 
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APPLICATION INFORMATION (continued) 


Video detector output voltage at f = 38.9 MHz I) 


Ic = 7.2 mA; Vor = 16.6 V Vo 


= 
- 
~] 
= 


Transducer gain at f = 36.4 MHz 
output power in load Rj, 
available power from source with Rg 


Ic = 7.2 mA; Vcz = 16.6 V Gyr typ. 25.5 dB 


Gtr (in dB) = 10 log 


Tuning frequency for all tuned circuits is 37 MHz 


1) The output voltage Vo is difined as the voltage across the 2.7 k2 detector load 
Ry, for 30% synchronisation pulse compression. 
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SILICON PLANAR TRANSISTOR 


N-P-N transistor in a TO-72 metal envelope with insulated electrodes and a shield lead connected to the 
case. The BF200 is primarily intended for application in a forward gain controlled preamplifier in v.h.f. 


television tuners and f.m. tuners. 
QUICK REFERENCE DATA 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector current (d.c.) 


Total power dissipation up to Tamp = 25 PC 


Junction temperature 


Transition frequency 
—le=3mA; Vcp=10V 
Maximum unilateral power gain 


—l—E=3mA; Veep =10V;f= 50MHz 
—le =3 mA; Vcp = 10 V; f = 200 MHz 
Noise figure at optimum source admittance 
—le =2 mA; Vcp = 10 V; f = 100 MHz 
—l—p =3 mA; Vep = 10 V; f = 200 MHz 


MECHANICAL DATA 
Fig. 1 TO-72. 


1,16 
max ‘4 45°") 
a ee F 


(1) = shield lead (connected to case). 
Accessories: 56246 (distance disc). 


a 5,3 ig 12,.7min ——> 
max 7265579 2 


October 1979 


max. 
max. 
max. 
max. 


max. 


typ. 


typ. 
typ. 


typ. 
typ. 


Dimensions in mm 


Vos: 
4max 


30 
20 
20 
150 
175 


650 


MHz 


dB 
dB 


dB 
dB 


BF200 


RATINGS (Limiting values) +) 
Voltages 
Collector-base voltage (open emitter) 


Collector-emitter voltage (open base) 


_Collector-emitter voltage (Rpp <1 kQ) 


Emitter -base voltage (open collector) 


Currents 
Collector current (d.c.) 


Collector current (peak value) 
Power dissipation 


Total power dissipation up to Ta mp = 25 CC 


Temperatures 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 


From junction to ambient in free air 


VCBO 


VcEO 
VCER 


VEBO 


max. 30 
max. 20 
_max. 30 
max. 3 
max. 20 
max. 20 
max. 150 
-65 to +175 
max. 175 
= l 


<<< < 


mA 
mA 


mW 


°C 


i © 


°C/mW 


1) Limiting values according to the Absolute Maximum System as defined in IEC 


publication 134. 


June 1968 


CHARACTERISTICS 
Base current 


-Ip = 3 mA; VcBp=10V 
-Ip = 12 mA; Vcp= 7V 


Emitter-base voltage 
=Ip = 3 mA; VcR = 10 V 
-Ip = 12 mA; Vcp= 7V 


Transition frequency 


-Ip = 3mA;Vop=1l0V 


Feedback capacitance at f = 10.7 MHz 
Iq = 1 mA; Vog=10V 


Noise figure at optimum source admittance 


-Inp = 3mA; Vcp=10V; f= SO MHz 
f = 200 MHz 
-Igp = 2 mA; Vcp = 10 V; f = 100 MHz 


Maximum unilateralised power gain 2) 


Guy =! a 
4 ZibSob 
-Ip = 3mA; Vcp=10V;f= 350 MHz 


f = 200 MHz 
2 mA; Vcp = 10 V; f = 100 MHz 


—Ip 


1) 1 fF = 1 femtofarad = 10715 F. 


Tamp= 25 °C unless otherwise specified 


Ip typ. 100 wA 
< 200 wA 


Ip < 2.2 mA 


-VEB typ. 0.75 V 


fT typ. 650 MHz 
Ces typ. 280 fFl) 
F typ. 1.9 dB 
F type. -2ag> «a8 
F typ. 2.0 dB 


GUM typ. 30 dB 
GUM typ. 22 dB 
GUM typ. 28 dB 


2) Common base configuration, metal envelope connected to earth directly, external 


lead length = 3 mm. 
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CHARACTERISTICS (continued) Tamb = 25°C unless otherwise specified 
y parameters at f = 100 MHz (common emitter) 


Ic = 2 mA; VcE=10V 


Input conductance Sie typ. 5 molt 
Input capacitance . Cie typ. 16 pF 
Feedback admittance — lYre| typ. 0.16 m7! 
Phase angle of feedback admittance pre typ. 270° 
Transfer admittance lyfe | typ. 56 mo-l 
Phase angle of transfer admittance Y fe typ. 340° 
Output conductance Zoe typ. 15 woul 
Output capacitance | Coe typ. 0.9 pF 


' y parameters at f = 50 MHz (common base) 


-Ip = 3 mA; Vop=10V 


Input conductance Sib typ. 85 mo7! 
Input susceptance -Dip typ. is mo7l 
Feedback admittance lYrb | typ. 55 woul 
Phase angle of feedback admittance ~ rb typ. 270° 
Transfer admittance | Yfb | typ. 85 m2Q~t 

— Phase angle of transfer admittance ~ fb typ. 165° 

= Output conductance Lob typ., 15 waa 
Output susceptance bob typ. 280 pant 


y parameters at f = 200 MHz (common base) ' 


~Ip = 3 mA; Vop=10V 


Input conductance Lib typ. 62 m7! 
Input susceptance -bip typ. 38 «mon! 
Feedback admittance : lyrb| typ. 180 oe 
Phase angle of feedback admittance orb typ. 270° 

Transfer admittance lyfh| typ. 70 maQ7t 
Phase angle of transfer admittance ans typ. 145° 

Output conductance Zob typ. 150 wort 
‘Output susceptance bob typ. 1.1 moa-7l 
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BF200 


71207931 
SF Typical noise figure at optimum source admittance} 
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Maximum allowable collector -emitter voltage (with resistance 


2 mA) versus the base 
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H.F. SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in a plastic envelope, recommended for a.m. mixers and i.f. amplifiers in a.m./f.m. 
receivers. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcCBO max. 40 V 
Collector-emitter voltage (open base) VCEQ max. 40 V 
Collector current (d.c.) Ic max. ° 25 mA 
Total power dissipation up to Tamb = 25 PC Prot max. 250 mW 
Junction temperature Tj max. 125 OC 


Base current 


lc=1mA; Voce = 10V Ip 
Transition frequency _ 
lc= 1mA; VcgeE = 10 V fy typ. 
Feedback capacitance at f = 1 MHz 
Ic =1mA; VceE = 10 V —Cre < 0,34 pF 
Noise figure 
lc =1mA; VcgE = 10 V 
Rs = 200 2; f = 0,2 MHz F < 3,5 dB 
MECHANICAL DATA Dimensions in mm — 
Fig. 1 TO-92 variant. — 
3 
1 4 0,40 
A min 
7278181 2 on 
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diameter within 2,5 max 
is uncontrolled a 
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BF240 
BF241 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages 

Collector -base voltage (open emitter) VcBo max. ,40 V 
Collector -emitter voltage (open base) VCEO max. 40 V 
Emitter -base voltage (open collector) VEBO max. 4 V 
Current 

Collector current (d.c. ) | Io max. 2 mA 


Power dissipation 


Total power dissipation up to Tamb = 25 a @ Prot max. 250 mW 
Temperatures 

Storage temperature Tete -55 to+125 
Junction temperature ; Tj max. 125 
THERMAL RESISTANCE 

From junction to ambient in free air 7 Rth j-a = 0,4 %C/mW 
CHARACTERISTICS T;. = 25 °C unless otherwise specified 


i 
Collector cut-off current 


Ip = 0; Vap = 20 V lopo < " 100 nA 


Base -emitter voltage 


typ. 700 mV 


Io = 1 mA; Vop = 10K VBE 650 to 740 mV 


Base current 


Ic = 1 mA; VocR=10V Ip 4,5-15| 8-28 pA 


Transition frequency at f = 100 MHz 


Ig = 1 mA; Vog = 10 V fr typ. . 380| 350 MHz 
Feedback capacitance at f = 1 MHz 
Ic = 1 mA; Vcg=10V Cre < 0,34/0,34 pF 


Noise figure 
Ic = 1 mA; Vop = 10V 


Rg = 2002;f=0,2MHz F oe 


2 November 1972 


CHARACTERISTICS (continued) T; =25 °C unless otherwise specified 


y parameters (common emitter) Lead length = 3 mm 


Ic = 1mA; VcE =10V 


Input conductance Lie 
Input capacitance Cie typ. sly 19 pF 
Transfer admittance lyfe| typ. 37 37 mA/V 
Phase angle of transfer admittance fe typ. 0° 0° 
Output conductance Zoe < 8,3 10,5 HA/V 
Output capacitance Coe typ. ] ] pF 
Feedback admittance lyre] typ. 90,75 18 uA/V 
Phase angle of feedback admittance re typ. 270° 270° 

Ic = 4 mA; Vcr = 10 V; f = 35 MHz (BF240, BF241) 
Input conductance Zio typ. 4 mA/V 
Input capacitance Cie typ. 25 pF 
Transfer admittance lYfel typ. 125 mA/V 
Output conductance Zoe typ. 62 HA/V 
Output capacitance Coe typ. ] pF 
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H.F. SILICON PLANAR EPITAXIAL TRANSISTOR 


BF324 


P-N-P transistor in a plastic envelope especially intended for r.f. stages in f.m. front-ends in common 


base configuration. 
QUICK REFERENCE DATA 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector current (d.c.) 
Total power dissipation up to Tamb = 45 OC 
Junction temperature 
Base current 

—Ic =4mA;—Vcg = 10 V 
Transition frequency 

—Ic=4mA;—VcgE = 10 V 


Noise figure at f = 100 MHz 
—I¢ =2mA; —Vcg = 10 V; Ge = 16,7 mA/V 


Feedback capacitance at f = 1 MHz 
Vep = 0; -Vcp=10V 


MECHANICAL DATA 
Fig. 1 TO-92 variant. 


2 


IZ67146 1 


diameter within 2,5 max 


is uncontrolled 


—-VCBO max. 
—-VCEO max. 
—I¢ max. 
Prot max. 
Tj max 
typ. 
--1p 7 
fT typ 
F typ. 
Crh typ. 


30 V 
30 V 
25 mA 
250 mW 
150 °C 


80 uA 
160 pA 


~ 450 MHz 


3 dB 


0,1 pF 


Dimensions in mm 


7270994.1 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages 


Collector -base voltage (open emitter) 
Collector-emitter voltage (open base) 


Emitter -base voltage (open collector) 


Current 


Collector current (d.c. ) 


Power dissipation 


Total power dissipation up to Tampb = 45 °C 


Temperatures 

Storage temperature 
Junction temperature 
THERMAL RESISTANCE 


From junction to ambient in free air 


-VcRO max. 30 
-VCRO max. 30 
-VFERBO max. 4 
Prot max, 250 
stg ~55 to +150 

T; max. 150 
Rth j-a = 0, 42 


°C /mW 


. January i¢ 


‘ 


CHARACTERISTICS 


Collector cut-off current 


In = 0 >-VCB = 30 V -IcBpo < 50 nA 
| 
Emitter cut-off current 
Ic = 0;-VER= 4V -Igpo < 10 pA 
Base current 
os ie = zx typ. 80 pA 
Ic = 4 mA; Vcr = 10V Ip S 160 pA 
-Ic = 1mA;-VcE = 10V —Ip typ. 22 wA 
Base-emitter voltage 
-Ic = 4mA;-VcRE=10V -Vpp typ. 0,76 V 
Transition frequency at f = 100 MHz 
-Io = 1 mA;-VcR = 10V fr typ. 350 MHz 
-Ic = 4mA;-Vog = 10 V fr typ. 450 MHz 
“In = 8mA;-VcE = 10V fr typ. 440 MHz 
Feedback capacitance at f = 1 MHz 
VEB = Q; -Vop =10V Crp typ. 0,1 pF 
Noise factor at f = 100 MHz 
-Iq = 2 MA;-Vog = 10 V; pact 
Gs = 16,7 mA/V F typ. 3 dB — 
~Ic = 5 mA;-Vcp = 10V; ae 
Gg = 6,7 mA/V; -jBg = 5 mA/V F typ. 3,5 dB 
y-parameters (common base) at f = 100 MHz 
-Io = 4mA; -VcR= 10 V 
Input conductance Sib typ. 125 mA/V 
Input capacitance -Cip ‘typ. 64 pF 
Transfer admittance | Yep] typ. 100 mA/V 
Phase angle of transfer admittance Yfh typ. 147° 
Output conductance Zob _-—sitty~p. 40 ypA/V 
Output capacitance Cobh ‘typ. 1,25 pF, 
Feedback admittance | ¥rb| typ. 220 =pA/V 
Phase angle of feedback admittance -Prb ‘typ. 850 
3 
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typical values 
—Vece =10V 
G, =16,7 mA/V 
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7272155 
typ. values 
“Vep = 10V 
f = 100 MHz 


7272156 
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f =100 MHz {2 
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BF324 


7272154, 7272158 ° 


typ. values 


typ. values 
“Veg = 10V 
f = 100 MHz 
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BF370 


SILICON PLANAR EPITAXIAL TRANSISTOR 


N-P-N transistor in a plastic TO-92 variant envelope, intended for use in large-signal handling i.f. pre- 
amplifiers of TV receivers in combination with surface acoustic wave filters. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) 


Collector-emitter voltage (open base) 


Collector current (d.c.) 


Total power dissipation up to Tamb = 25 OC 


Junction temperature 


D.C. current gain 
lc=10mA; VcpE=1V 


Transition frequency at f = 100 MHz 


Ic = 40 mA; VceE=10V 


Voltage gain at f = 36 MHz (see Fig. 4) 


Ic = 20 mA; Veg ~ 10,4 V 


Interference voltage for K = 1% (see Fig. 4) 


MECHANICAL DATA 
Fig. 1 TO-92 variant. 


7ZE7145 4 


diameter within 2,5 max 


is uncontrolled 


~~ 


VCBO 
VCEO 
Ic 
Pot 


max. 40 V 
max. 15 V 
max. 100 mA 
max. 500 mW 
max. 150 °C 


> 40 


> 490 MHz 


typ. 24 dB 


V(int)rms typ. 120 mV 


Dimensions in mm 


7270994 1 
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BF370 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Collector-base voltage (open emitter) VcBOo 
Collector-emitter voltage (open base)’ | VCEO 
Emitter-base voltage (open collector) VEBO 
Collector current (d.c.) Ic 
Total power dissipation up to Tampb = 25 OC Prot 
Storage temperature T stg 
Junction temperature qj 
THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 


August 1982 


ss nh 
es a Ee ee ee es 


i 
cece ae ae ee 
a 
lel ete ial 
A 2 
CONE 


SaReR EIR eR ee 
BR RRSSESEMERESR 
Sans easNeeee 

pes dct ee ae 


ce \ 

bof ee Sa SI ISN 
RERIRREZARRRE Ee 
PS ee Ne 
pe IE Tee eel al ales 
ec Eo a 


0 50 100 150 
Tamb (°C) 


Fig. 2 Power dissipation derating curve as a function 
of ambient temperature. 


max. 


40 V 
15 V 
45 V 
100 mA 
500 mW 


—55 to+150 °C 


max. 


150 °C 


250 K/W 


Silicon planar epitaxial transistor 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 
Collector cut-off current 
le = 0; Veep = 20 V 
le = 0; Vep = 20 Vi Tj = 125°C 
Emitter cut-off current 
lc=0;Vep=2vV 
D.C. current gain 
lc=10mA; VcE=1V 
Transition frequency at f = 
Ic = 10 mA; Vee = 10 V 


Ic = 40 mA; Vcge = 10-V 


Collector capacitance at f = 1 MHz 
le =le=0; Vep=10V 


100 MHz 


Emitter capacitance at f = 1 MHz 
lc=le=0;Vep=iV 

Feedback capacitance at f= 1 MHz — 
lc=0; Vee =10V 
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ICBO < 400 nA 
ICBO < 30 vA 
lEBO < 100 nA 
hFE > 40 
ft > 500 MHz 
fT > 490 MHz 
C typ. 2,2 pF 
e < 3,5 pF 
Co < 4.5 pF 
C typ 1,6 pF 
ve < 2,2 pF 
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APPLICATION INFORMATION 
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(1) Test instrument load. 


Fig. 4 Large-signal handling i.f. preamplifier for surface acoustic wave filter. 


Performance 
Supply voltage Vcc = 12 V 
Collector current Ic = 20 mA 
Measuring frequency fj 7 36 MHz 
Input impedance Z; typ. 50 Q//1 pF 
Output impedance Zo < 100 QQ 
Voltage gain Vo 

Gy (in dB) = 20 ke Gy typ. 24 dB 
Interference voltage for K = 1%* Viint)rms typ. 120 mV 


* Input terminal voltage at 50 Q internal resistance of signal generator, interference frequency 40 MHz, 
80% modulated with 1 kHz. 
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SILICON EPITAXIAL TRANSISTOR 


N-P-N transistor in plastic TO-92 variant intended for class-B video output stages in colour television 
receivers. P-N-P complement is BF 423. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcBO max. 250 V 
Collector-emitter voltage (open base) VCEQ max. 250 V 
Collector current (peak value) lcm max. 100 mA 
Total power dissipation up to Tamb = 25 °C Prot max. 830 mW 
Junction temperature Tj max. 150 °C 
D.C. current gain at Tj = 25 °C 
Ic = 25 mA; Vcg = 20 V hee > 50 
Transition frequency 
—le = 10 mA; Vep = 10 V fT > 60 MHz 
Feedback capacitance at f = 1 MHz 
le = 0; Veg =30V Cre < 1,6 pF 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-92 variant. 
2 = 
{ oo 
12781814 4 0,40 
3 “4 min 
—-——. 
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diameter within 2,5 max 
is uncontrolled acai 
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BF422 | 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) VcBo max. 250 V 
Collector-emitter voltage (open base) VCEO max. 250 V 
Emitter-base voltage (open collector) VE'BO max. 5 V 
Collector current (d.c.) Ic max. 50 mA 
Collector current (peak value) lcm max. 100 mA 
otal power dissipation up to Tampb = 25 OC * Prot max. 830 mW 
Storage temperature Tstg —65 to+ 150 °C 
junction temperature Tj max. 150 °C 


fHERMAL RESISTANCE 
“rom junction to ambient * Rthj-a == 150 K/W 


" Transistor mounted on a printed-circuit board, mounting pad for collector lead minimum 10 mm x 
10 mm; maximum lead length 4 mm. 


2 Uctober 1979 


Silicon epitaxial transistor BF422 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified. 


Collector cut-off currents 


le = 0; Veg = 200 V ICBO < 10 

Rpg = 10 kQ; Voge = 200 V; Tj = 150 OC ICER < 10 
Emitter cut-off current 

Ic =0;Vep=5V lEBO < 10 
D.C. current gain 

Ic = 25 mA; Veg = 20 V hFe = 50 
High-frequency knee voltage* 

Ic = 25 mA; Tj = 150 °C VCEK typ. 20 
Transition frequency 

—le = 10 mA; Veg = 10 V tT oe 60 
Feedback capacitance at f = 1 MHz 

le =0; Vcp=30V Cre < 1,6 
Feedback time constant at f = 10,7 MHz 

—le = 30 mA; Vcp = 20 V 'bb’Cp’c < 70 


* The high-frequency knee voltage of a transistor is that value of the collector-emitter voltage at 
which the small-signal gain, measured in a practical circuit, has dropped to 80% of the gain at 
Voce = 50 V. A further reduction of the collector-emitter voltage results in a rapid increase of 
the distortion of the signal. 
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Fig. 2 Typical values at Tj = 25 OC. 
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Fig. 3 Thermal impedance from junction to ambient versus pulse duration. 
Maximum lead length 3 mm; mounting pad for collector lead minimum 10 mm x 10 mm. 
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Silicon epitaxial transistor BF422 
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Fig. 4 Vop= 20 V; Tj = 25 °C. 
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Fig. 8 Voge = 20 V; Tj = 25 OC. 
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Fig. 9 Ip = 0; f= 1 MHz; Tj = 25 OC. 
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BF423 


SILICON EPITAXIAL TRANSISTOR 


P-N-P transistor in plastic TO-92 variant intended for class-B video output stages in colour television 
receivers. N-P-N complement is BF422. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) —VcRBO max. 250 V 
Collector-emitter voltage (open base) —VCEO max. 250 V 
Collector current (peak value) —lem max. 100 mA 
Total power dissipation up to Tamp = 25 OC Prot max. 830 mW 
Junction temperature Tj max. 150 °C 
D.C. current gain at i = 25 °C 

—Ic = 25 mA; —Vcg = 20 V hFe > 50 
Transition frequency 

IE = 10 mA; —Vcp = 10 V ft > 60 ‘MHz 
Feedback capacitance at f = 1 MHz 

le =0;-Vep=30V ; Cre < 1,6 pF 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 


7276182A 


3 Yo40 
4 min 


72709941 


diameter within 2,5 max | 


is uncontrolled — 
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BF423 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Collector-base voltage (open emitter) —VcBO 
Collector-emitter voltage (open base) —VCEO 
Emitter-base voltage (open collector) —VEBO 
Collector current (d.c.) —Ic 
Collector current (peak value) —Icm 
Total power dissipation up to Tampb = 25 OC * Prot 
Storage temperature T stg 
Junction temperature Tj 


THERMAL RESISTANCE 
From junction to ambient * Rth j-a 


max. 250 V 
max. 250 V 
max. 5 Vv 
max. -50 mA 


max. 100 mA 
max. 830 mW 
—65 to + 150 OC 
max. 150 °C 


= 150 K/W 


* Transistor mounted on a printed-circuit board, mounting pad for collector lead minimum 10 mm x ' 


10 mm; maximum lead length 4 mm. 
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Silicon epitaxial transistor 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 


Collector cut-off currents 
le = 0; Vcp = 200 V 
Ree = 10 k82; —Vcg = 200 V; Tj = 150 °C 
Emitter cut-off current 
lc =0;-VeRp=5V 
D.C. current gain 
—Ic = 25 mA; —VcgE = 20 V 
High-frequency knee voltage* 
—Ic = 25 mA; qj = 150 °C 
Transition frequency 
le = 10 mA; —Vcp = 10 V 
Feedback capacitance at f = 1 MHz 
le = 0; —-Vcp = 30 V 
Feedback time constant at f = 10,7 MHz 
le = 30 mA; —Vecp = 20 V 


"bb’Ch’c 


< 10 nA 
10 pA 
< 10 pA 
> 50 

typ. 20 V 
> 60 MHz 
< 1,6 pF 
< 70 ps** 


The high-frequency knee voltage of a transistor is that value of the collector-emitter voltage at 


which the small-signal gain, measured in a practical circuit, has dropped to 80% of the gain at 
Vce = 50 V. A further reduction of the collector-emitter voltage results in a rapid increase of 


the poker of the signal. 
K* or | 
rbb’Cb'c * 
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Fig. 3 Thermal impedance from junction to ambient versus pulse duration. 
Maximum lead length 3 mm; mounting-pad for.collector lead minimum 10 mm x 10 mm. 
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Silicon epitaxial transistor 
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Fig. 4 —Vce = 20 V; Tj = 25 °C. 
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Fig. 6 —Ic = 25 mA; —VcrE = 20 V. 
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Fig. 7 Vcp = 200 V. 
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BF 451 


H.F. SILICON PLANAR EPITAXIAL TRANSISTORS 


P-N-P transistors in a plastic envelope intended for h.f. and i.f. applications in radio receivers, especially 
for mixer stages in a.m. receivers and i.f. stages in a.m./f.m. receivers with negative earth. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) —-VCBO max. 40 V 
Collector-emitter voltage (open base) —-VCEQ max. 40 V 
Collector current (d.c.) —Ic max. 25 mA 
Total power dissipation up to Tamb = 45 OC Prot max. 250 mW 
Junction temperature Tj max. 150 °C 
Base current 
BF450: —| 5to 16 wA 
~Io = 1mA;—VcE = 10 V B ahd 
BF451: —Ip 11 to 33 uA 
Transition frequency 
—lc=1mA;—Vce = 10 V fT typ. 325 MHz 
Noise figure at f = 100 kHz 
—lc = 1 mA; —VcgE = 10 V; Rs = 300 2 F typ. 2 dB 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-92 variant. 
-. * 
1 4 0,40 
4 min 
7278182 2 
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diameter within 2,5 max 
is uncontrolled 
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BF450 
BF451 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134) 


Voltages 

Collector -base voltage (open emitter) Weng max. 40 V 
Collector -emitter voltage (open base) -VCEO max. 40 V 
Emitter -base voltage (open collector) -VERO | max. 4 Vv 
Current 

Collector current (d.c. ) -Ica max. 25 mA 


Power dissipation 


Total power dissipation up to T,,,, =45 i ©: Prot max. 250 mW 
Temperatures 
Storage temperature T stg -55 to +150 "C 
Junction temperature i max. 150 + °% 
THERMAL RESISTANCE 
From junction to ambient in free air Rth j-a = 0, 42 °C /mW 
CHARACTERISTICS Tj = 25 °C 
Collector cut -off current 
In = 0; -Vop = 30 V -IcBo < 50 nA 
— Emitter cut-off current. 
—— In = 0; -VEB=4V lzpo = ae 
Base current 
_ ; _ BF 450: -Ip < 5 to 16 UA 
re ee MC Ov BF451]: -Ip < ll to 33 uA 
Base -emitter voltage 
-Io = 1 mA; -VoR =10V -VBE typ. 700 mV 


‘December 1975 


CHARACTERISTICS (continued) T; = 25 %c 


Transition frequency at f = 100 MHz 
-Iq =1mA; -Vog = 10V | ft typ. 325 MHz 


Feedback capacitance at f = ] MHz 
-Ic = 1 mA; -VoR = 10 V Cre typ. 0,35 pF 


Noise figure at f = 100 kHz 
-Ic = 1 mA; -VcR = 10 V; Rg =300 2 F typ. 2 dB 


y -parameters (common emitter) 
-Ic = 1 mA; -Vop =10V 


\ 


Input conductance 

Input capacitance 

Transfer admittance 

Phase angle oftransfer admittance 
Output conductance 

Output capacitance 


Feedback admittance 


Phase angle of feedback admittance 
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SILICON PLANAR TRANSISTOR 


N-P-N transistor in a subminiature plastic T-package, primarily intended for application in r.f. stages 
of television tuners using p-i-n diode attenuators. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcBo max 20 V 
Collector-emitter voltage (open base) VcEO max 15 V 
Collector current (d.c.) Ic max 20 mA 
Total power dissipation up to Tamb = 60 PC Prot max 200 mW 
Junction temperature Tj max 150 °C 
Transition frequency, —l— = 10 mA; Vop = 10 V fr typ 2 GHz 
Noise figure at optimum source admittance 

—le = 10 mA, Vcg = 10 V, f = 800 MHz F typ 3,8 dB 
Cross-modulation (K = 1%) e.m.f. in 75 Q Viint)rms tYP 330 mV 
MECHANICAL DATA Dimensions in mm 
SOT-37 


| e 
| ell |e 1,05 max 
~~! la 0,75 max 
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BF480 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages 

Collector-base voltage (open emitter) VcBO max 20 V 
Collector-emitter voltage (open base) VCEOQ max 15 V 
Emitter-base voltage (open collector) VEBO max 2V 
Current 

Collector current (d.c.) Ic max 20 mA 
Collector current (peak value) lcm max 30 mA 


“ower dissipation 


Total power dissipation up to Tamb = 60 OC | Prot max 200 mW 
Temperatures 

“torage temperature | Ts —65 to +150 °C 
Junction temperature Tj max 150 °C 


THERMAL RESISTANCE 


From junction to ambient 
mounted on the printed-circuit board 
shown below, which is in free air 3 Rth j-a = 0,45 °C/mW 


Dimensions in mm 


7272664 


Single-sided 35 um Cu-clad epoxy fibre-glass printed-circuit board, thickness 1,5 mm. 
Tracks are fully tin-lead plated. Board in horizontal position for Ry, measurement. 


2 April 1977 


Silicon planar transistor BF480 
f ' 


CHARACTERISTICS Tamb = 25 °C unless otherwise specified 
Base current ee 
o 7 typ 350 wA 

—l—e=10mA; Vep=10V Bog 750 pA 
Emitter-base voltage 

—le = 10mA; Veg = 10 V —Vep typ 08 V 
Transition frequency at f = 500 MHz 

—le = 10 mA; Vcp = 10 V fr typ 2 GHz 
Noise figure at optimum source admittance (common base) 

—Ie = 10 mA; Vcp = 10 V; f = 800 MHz F typ 3,8 dB 

—l—- =10mMA: Vep = 10 V; f = 200 MHz F typ 2,9 dB 
Transducer gain (common base) 

—Ie = 10 mA; Veep = 10 V; f = 900 MHz 

G, = 20 mA/V; B, = 9 

Go= 2 mA/V; Bg = tuned Gi, typ 115 dB 


7Z266759.2 


Vog = 10 V; f = 500 MHz; Tj = 25 °C 
measured with pulses, th = 300 us 
6 < 0,01 
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Silicon planar transistor ’ BF 480 
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BF480 


Conditions for all four graphs: —I— = 10 mA; Vcp = 10 V; Tampb = 25 PC 
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Silicon planar transistor BF480 


APPLICATION INFORMATION O Veuning 


1. U.H.F. stage with BF480 s3K0 | 


6BB105B (a3) (a3) BB105B 
BF480 


Tee 
s= L1 
752 
| [fa 19] 
So Rs 
F L 
a : : 750 
‘7 
@ 
+12V. 
Ly= 6turns, 03mm 
Lo = 4,5 turns, @3 mm 
PERFORMANCE at Tamb = 25 °C 
Measuring frequency fj = 800 MHz 
3 dB bandwidth B3qp typ 25 MHz 
Emitter current —Ie typ 10,3 mA 
Collector-emitter voltage VCE typ 9,7 V 
Transducer gain Ger typ 10 dB 
Noise figure including influence of 
a. mixer stage with a noise figure of 10 dB 
b. Ry = 152 F typ 6,5 dB 
Voltage standing wave ratio (incl. Ry = 15 &) VSWR < 4 
Cross-modulation ~ 
Interference voltage for K = 1% V (int)rms typ 300 mV 


* Cross-modulation is defined here as the e.m.f. in 75 Q of an unwanted signal with 80% modulation 
depth, giving 0,8% modulation depth on the wanted signal. 
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SILICON PLANAR EPITAXIAL TRANSISTOR 


N-P-N transistor in a plastic TO-92 variant intended for h.f. applications in radio and television receivers; 
it is especially recommended for f.m. tuners, low noise a.m. mixer-oscillators with high source imped- - 
ance and i.f. amplifiers in a.m./f.m. receivers where a high current gain is of importance. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VCBO  —max. 30 V 
Collector-emitter voltage (open base) VCBO  —max. 20 V 
Collector current (d.c.) Ic max. 30 mA 
Total power dissipation up to Tampb = 75 OC Prot max. 300 mW 
Junction temperature Tj max. 150 °C 
D.C. current gain at Tj = 25 oC 

Ic=1mA;Vce = 10V hFe typ. 115 
Transition frequency 

le = 1mA; VcE = 10 V iF typ. 260 MHz 
Noise figure at f = 100 MHz 

Ic = 1mA; VcE = 10 V; Ge = 10 mA/V F typ. 4 dB 
Conversion noise figure at f = 1 MHz 

Ic = 1mMA; VcgE = 10 V; Gs = 1,2 mA/V Fo typ. 2 dB 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 


4 0,40 
4 min 
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BF494 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134) 


Voltages 
Collector -base voltage (open emitter) 


Collector -emitter voltage (open base) 
(See also page 4) 


Emitter -base voltage (open collector) 


Currents 
Collector current (d.c. ) 


Collector current (peak value) 


Power dissipation 


Total power dissipation up to Tamb = 75 °C 


Temperatures 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 


From junction to ambient in free air 


CHARACTERISTICS 
Base -emitter voltage 2) 


Ic = 1 mA; Vor =10V 


Base current 


Ic = 1 mA; Vor = 10V 


Feedback capacitance at f = 0,45 MHz 
Io =1 mA; Vog =10V 


— 


VcBo 


VCEO 
VEBO 


Ic 
Icom 


max. 30 V 


max, 20 V 


max. 5 V. 
max. 30 mA 
max. 30 mA 


max. 300 mW 


-—65 to +150 °C 
max. 150 °C 


= 0,25 °C/mW 


T; = 25. C 
0,65 to0,74 V 


4,5to 15 yA 
typ. 8,7 YA 


typ. 0,85 pF 


1) VpE decreases by about 1,7 mV/°C with increasing temperature. 
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CHARACTERISTICS (continued) | Tj = 25 6 
Transition frequency 

Ic = 1 mA; VoR=10V fr typ. 260 MHz 
Noise figure 

Ic =1mA; VoR=10V 


Gg = 2mA/V; f = 0, 2 MHz F typ. 1,5 GB 
Gg = 1,5mA/V; f = 1,0 MHz F typ. 1,2 dB 
Gs = 10mA/V; f = 100 MHz F typ. 4 dB 


Conversion noise figure 
Ic =1 mA; VcR=10V 
Go = 0,6mA/V; f = 0,2 MHz Fe typ. 3 dB 
Gg = 1,2mA/V; f = 1,0 MHz Fe typ. 2 dB 


y parameters at f = 100 MHz (common base) 


Ic = 1 mA; Vcr = 10 V (lead length = 3 mm) 


Input conductance Lib typ. 32 mA/V 

Input susceptance —bip typ. 3 mA/V 

Feedback admittance | Yrb| typ. 500 pA/V 

Phase angle of feedback admittance Prh typ. 272° 

Transfer admittance | Yfb| typ. 33 mA/V _ 
Phase angle of transfer admittance Pep typ. 150? = 
Output conductance Sob typ. 22 pA/V es 
Output susceptance Dob typ. 1,1 mA/V 


y parameters (common emitter) 


Ic = 1 mA; Vcr = 10 V (lead length = 3 mm) f = 0,45 MHz 
Input conductance Lie < 0,64 0,54 mA/V 
Output conductance Zoe < 13,5 11,5  pA/V 
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Maximum allowable collector-emitter voltage (with resistance 
2mA) versus the base 
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SILICON PLANAR EPITAXIAL TRANSISTOR > 


N-P-N transistor in a plastic TO-92 variant intended for h.f. applications in radio and television receivers; 

it is especially recommended for f.m. tuners, i.f. amplifiers in a.m./f.m. receivers where a low transistor 
output conductance is of importance, a.m. input stages of car radios where a low noise figure at low source 
impedance is required. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VCBO  _—max. 30 V 
Collector-emitter voltage (open base) VCEQ max. 30 V 
Collector current (d.c.) ) Ic max. 30 mA 
Total power dissipation up to Tamh = 75 PC Prot max. 300 mW 
Junction temperature Tj max. 150 °C 
D.C. current gain at Tj = 25 OC 

lc=1mA; VceE=10V hFE typ. 67 
Transition frequency 

Ic =1mMA; Vor = 10 V tT typ. 200 MHz 
Noise figure 


Ic=1mA; Vcge = 10V 


Gs = 20 mA/V; f = 1 MHz F typ. 3,5 dB 
Gs = 10 mA/V; f = 100 MHz . F typ. 4 dB 
MECHANICAL DATA Dimensions in mm = 
Fig. 1 TO-92 variant. a 
3 
1 ee eee ace eee eer 0,40 
XQ ‘ne 
7278181 2 
<q 


7Z70994.1 


diameter within 2,5max 
is uncontrolled 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134) 


Voltages 


Collector -base voltage (open emitter) 


Collector-emitter voltage (open base) 


(See also page 4) 


Emitter -base voltage (open collector) 


Currents 


Collector current (d.c. ) 


Collector current (peak value) 


Power dissipation 


Total power dissipation up to Tamb = 75 °C 


‘Temperatures 
storage temperature 


junction temperature 


THERMAL RESISTANCE 


From junction to ambient in free air 


CHARACTERISTICS 


Base ~emitter voltage 2) 


Ic =1mA; Vog=10V 


Base current 


Ig =1 mA; Vag =10V_ 


Feedback capacitance at f = 0,45 MHz 
Ic =1mA; VcR=10V 


VcBO max. 30 
VEBO max, 5 
Io max, 30 
lom max, 30 
Prot max, 300 
Taig -~65 to +150 
Tj max, 150 
Rth jra => 0, 25 
VpE _—0, 65 to 0, 74 
I 8 to 28 
B typ. 15 


1) Vpr decreases by about 1,7 mV/°C with increasing temperature. 


mA 
mA 


mW 
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CHARACTERISTICS (continued) T; = 95 °C 
Transition frequency 


Iq =1.mA; VoRp=10V fr typ. 200 MHz 


Noise figure 
Ic =1 mA; Vog=10V 
Gg = 20mA/V;f= 1 MHz F typ. 3,5 dB 
Gg = 10 mA/V; f = 100 MHz F typ. 4 dB 


Conversion noise figure 
Ic =1mA; VoRp=10V 
Gg = 1,2mA/V; f = 0, 2 MHz Fo typ. 4  <dB 
Gg=1,5mA/V;f= 1 MHz Fe typ. 2,5 dB 


y parameters at f = 100 MHz (common base) 
Ic =1 mA; Vcg = 10 V (lead length = 3 mm) 


Input conductance Lib typ. 34. mA/V 

Input susceptance -bib typ. 1 mA/V 

Feedback admittance | Yrb| ‘typ. 490 WA/V 

Phase angle of feedback admittance Orb typ. 272° 

Transfer admittance ~ | fb | typ. 34. mA/V 

Phase angle of transfer admittance Pfb typ. 144° — 
Output conductance Lob typ. 12° pA/V = 
Output susceptance bob typ. 1,1 mA/V — 


y parameters (common emitter) 
Iq = 1 mA; Vag = 10 V (lead length = 3 mm) f = 10,7 MHz f = 0,45 MHz 


Input conductance Lie < 0,96 0,86 mA/V 
Output conductance Zoe < 99 7,0 wA/V 
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Maximum allowable collector-emitter voltage (with resistance 
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SILICON PLANAR TRANSISTOR 


N-P-N transistor in a plastic TO-92 variant intended for v.h.f. applications, e.g. as gain controlled pre- 
amplifier in v.h.f. television and f.m. tuners. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcBo max. 30 V 


Collector-emitter voltage (open base) VCEO —- max. 20 V 
Collector current (d.c.) Ic max. 20 mA 
Total power dissipation up to Tamph = 75 PC Prot max. 300 mW 
Junction temperature Tj max. 150 °C 
Transition frequency 

—l—E=2mA; Vcp = 10V fT typ. 550 MHz 
Maximum unilateral power gain 

—l— =3 mA; Veg =10V; f= 50 MHz Gum typ. 34 dB 

—l—=3 mA; Vcp = 10 V; f = 200 MHz GuM typ. 27 dB 
Noise figure at optimum source admittance 

—le = 2 mA; Vcp = 10 V; f = 100 MHz c typ. 2 dB 

—le =3 mA; Vcp = 10 V; f = 200 MHz F typ. 2,7 dB 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant 


4 0,40 
7Z67145 4 4 min 


7270994 1 


diameter within 2,5max 
is uncontrolled ia 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector-emitter voltage (Rge <1 kQ) 
Emitter-base voltage (open collector) 
Collector current (d.c.) 

Collector current (peak value) 

Total power dissipation up to Tampb = 75 °C 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 


CHARACTERISTICS 
Tamb = 25 OC unless otherwise specified 
Base current 
—I—e= 2mA; Vcp= 10 V 
—lep=12 mA; Vcp=-7V 
Emitter-base voltage 
—l— = 2mA; Vcp= 10 V 
—I—=12mA;Vcgp= 7V 
Transition frequency 
—l—e= 2mA;Vcp=10V 
—Ie= 4mA;Vcp= 5V 
Feedback capacitance at f = 10,7 MHz 
Ic =1mA; Vce = 10 V 
Noise figure at optimum source admittance 
—l— =3mA; Vcp=10V; f= 50 MHz 
—l—- =3 mA; Vcp = 10 V; f = 200 MHz 
—Ie = 2 mA; Vcp = 10 V; f = 100 MHz 
Maximum unilateral power gain (common base) 
Gym (in dB) = 10 log Yb * 
4gibJob 
—l—e =3mA; Veg =10V; f= 50 MHz 
—l—=3 mA; Vcp = 10 V; f = 200 MHz 
—|le =2 mA; Vcp = 10 V; f = 100 MHz 
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VCBO 
VCEO 
VCER 
VEBO 
Ic 


lem 


Prot 
T stg 


Tj 


Rth j-a 


GUM 
GUM 


530 M 


max. 30 
max. 20 
max. 30 
max. 3 
max. 20 
max. 20 
max. 300 
—55 to + 150 
max. 150 
250 
typ. 50 
< 150 
< 2,2 
typ 0,84 
< 1,0 
typ. 550 
< 
typ. 0,8 
< 1,0 
typ. 1,9 
typ. 2,5 
typ. 2,0 
typ. 34 
typ. 27 
typ. 30 


K/W 


dB 
dB 


Silicon planar transistor BF496 


y-parameters at f = 100 MHz (common base) 
Ic=2mA; VcE=10V 


Input conductance Dib typ. 66 mA/V 
Input susceptance —bip typ. 15 mA/V 
Feedback admittance [Yrb | typ. 190 mA/V 
Phase angle of feedback admittance Prb typ. 280° 

Transfer admittance [Y fb | typ. 66 mA/V 
Phase angle of transfer admittance YF typ. 155° 

Output conductance Job typ. 15 pA/V 
Output susceptance bob typ. 660 wA/V 


y-parameters at f = 50 MHz (common base) 
—l— =3 mA; Vcp = 10V 


Input conductance Dib typ. 9,5 mA/V 
Input susceptance —bip typ. 12 mA/V 
Feedback admittance lVrb | typ. 100 pA/V 
Phase angle of feedback admittance Prb typ. 270° 

Transfer admittance | Yfb | typ. 95 mA/V 
Phase angle of transfer admittance Ptb typ. 160° 

Output conductance Job typ. 10 pA/V 
Output susceptance bob typ. 350 pA/V 


y-parameters at f = 200 MHz (common base) 
—le =3 mA; Vcp = 10V 


Input conductance Dib typ. 70 mA/V 
Input susceptance —bijp typ. 46 mA/V 
Feedback admittance [Yrb | typ. 340 ywA/V 
Phase angle of feedback admittance Yrb typ. 2750 

Transfer admittance | Vtb | typ. 85 mA/V 
Phase angle of transfer admittance Ytb typ. 130° 

Output conductance Job typ. 75 pA/V 
Output susceptance bob typ. 1,3 mA/V 
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SILICON PLANAR EPITAXIAL TRANSISTOR 


P-N-P transistor in a TO-92 envelope intended for use as preamplifier, mixer and oscillator in v.h.f. and 
u.h.f. tuners. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) —VcRBo max. 30 V_ 
Collector-emitter voltage (open base) —VCEO max. 20 V 
Collector current (d.c.) —le max. 25 mA 
Total power dissipation up to Tampb = 45 PC Prot max. 250 mW 
Junction temperature Tj max. 150 9C 
Transition frequency at f = 100 MHz 

le = 1mA; —Vcp = 10 V fT typ. 350 MHz 
Noise figure at f = 200 MHz 

le = 1 mA; —Vcp = 10 V F < 6 dB 
Transducer gain (common base) 

le =3 mA; —Vcp = 10 V Gir > 14. dB 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 


4 0,40 


7278182 a 
2 Amin 


7270994.1 


diameter within 2,5 max 
is uncontrolled i 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (EC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Emitter-base voltage (open collector) 
Collector current (d.c.) 


Total power dissipation up to Tamp = 45 °C 


Storage temperature 
Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 


CHARACTERISTICS 
Tamb = 25 °C 
Collector cut-off current 

le =0;—-Vcp=20V 
Base current 

le = 1mA;—Vcp = 10 V 


Collector-base breakdown voltage 
open emitter; —I¢ = 10 uA 


Collector-emitter breakdown voltage 
open base; —Ic = 2 mA 


Emitter-base breakdown voltage 
open collector; —Ilp = 10 vA 


Transition frequency at f = 100 MHz 
le =1mA;—Vcp=10V 
le =5 mA; —Vecp=10V 
Feedback capacitance at f = 1 MHz 
le =1mA;—Vecp=10V 


Noise figure at f = 200 MHz 
le = 1mA; —-Vcp = 10 V 


Transducer gain (common base) at f = 200 MHz 
le = 3 mA; —Vcp = 10 V; Rg = 60 2; Ry = 9202 


2 
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—-VcCBO 
—-VCEO 
—VEBO- 
<a C 
Prot 

T stg 


qj 


Rth j-a 


—IcBo 
—V(BR)CBO 


—V(BR)CEO 


.-V(BR)EBO 


rE 


max. 30 
max. 20 
max. 4 
max. 25 
max. 250 
—55 to + 150 
max. 150 
= 420 
< 50 
< 33 
= 30 
> 20 
> 4 
typ. 350 
typ. 500 

400 to 700 
typ. 0,5 
typ. 5 
< 6 
> 14 
typ. 17,5 


nA 


LA 


é 


SILICON PLANAR TRANSISTOR 


BF936 


P-N-P transistor in a TO-92 envelope intended for use in h.f. amplifiers and also j in mixer and oscillator 
stages in v.h.f. and u.h.f. television receivers. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) 


’ Collector-emitter voltage (open base) 


Collector current (d.c.) 


Total power dissipation up to Tamp = 45 OC 


Junction temperature 


D.C. current gain 
le = 1mA;—Vcp=10V 


Transition frequency at f = 100 
le = 1mA;—Vep= 10V 


Noise figure at f = 200 MHz 
le = 1mA;—Vcp=10V 


Transducer gain (common base) 


le =3 mA; —Vcp = 10 V; f= 


MECHANICAL DATA 
Fig. 1 TO-92 variant. 


7267146 


MHz 


200 MHz 


diameter within 2, smax 
is uncontrolled 


Gtr 


max. 30 V 
max. 20 V 
max. 25 mA 
max. 250 mW 
max. 150 °C 
> 25 

typ. 350 MHz 
< 6 dB 
> 14 dB 


Dimensions in mm 


4 0,40 
| min 


7270994.1 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Emitter-base voltage (open collector) 
Collector current (d.c.) 

Total power dissipation up to Tamb = 45 °C 
Storage temperature 

Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 


CHARACTERISTICS 


Collector cut-off current 
le = 0; -Vep = 20 V 


Base current 


lE=1mA; —-Vcp= 10 V 


Collector-base breakdown voltage 
open emitter; —Ic = 10 uA 


Collector-emitter breakdown voltage 
open base; -lc = 2mA 


Emitter-base breakdown voltage 
open collector; —Il— = 10 nA 


D.C. current gain 
le = 1mA; —Vcp=10V 


Transition frequency at f = 100 MHz 
lE = 1 mA; —-Vcep = 10 V 


Feedback capacitance at f = 1 MHz 
le =1mA;—Vcp=10V 


Noise figure at f = 200 MHz 
le = 1 mA; —Vcp= 10 V; Rg = 50 22 


Transducer gain (common base) at f = 200 MHz 
IE =3 mA; —Vcp = 10 V; Rs = 60 2; Ry = 920 2 


May 1979 


—VcBOo 
—VCEO 
—VEBO 
=| C 
Ptot 
Tstg 


qj 


Rth j-a 


—lcBO 

—Ip 
—V(BR)CBO 
—-V(BR)CEO 
—V(BR)EBO 
hFE 


fT 


max. 30 
max. 20 
max. 4 
max. 25 
max. 250 

—55 to +150 
max. 150 
= 420 
< 50 
< 38 
> 30 
> 20 
> 4 
> 25 
typ 350 
typ. 0,9 
typ. 5 
< 6 
> 14 
typ. 17,5 


K/W 


nA 


LA 


SILICON PLANAR TRANSISTOR 


P-N-P transistor in a TO-92 envelope intended for application as a gain controlled preamplifier in v.h.f. 
tuners. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) —VcBO max. 30 V 
Collector-emitter voltage (open base) —VcEO max. 25 V 
Collector current (d.c.) —lI¢c max. 20 mA 
Total power dissipation up to Tampb = 55 °C Prot max. 225 mW 
Junction temperature Tj max. 150 °C 


Transition frequency at f = 100 MHz 

le =2mA;—Vcop= 10 V tT typ. 750 MHz 
Noise figure at f = 200 MHz 

le =2 mA; —Vcop= 10 V 

Rs = 602; Rp = 1kQ F typ. 2,5 dB 
Transducer gain (common base) 

le = 2 mA; —Vcp= 10 V; f = 200 MHz 


Rs = 60 2; Rp = 1kQ Gtr typ. 16 dB 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-92 variant. 
3 = 
2 
3 *o.0 
4 min 
7267146 


7270994.1 


diameter within 2,5 max 
is uncontrolled ag 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Emitter-base voltage (open collector) 
Collector current (d.c.) 

Total power dissipation up to Tampb = 55 °C 
Storage temperature 

Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 


CHARACTERISTICS 
Tamb = 25 °C 
Collector cut-off current 
le =0;-Vcp=15V 
Emitter cut-off current 
Ic =0;-VeRp=1V 
Base current 
le =2mA;—Vcp=10V 
—lc=9mA;—-VcE=4V 
Collector-base breakdown voltage 
open emitter; —lc = 10 uA 


Collector-emitter breakdown voltage 
open base; —lc = 1 mA 


Emitter-base breakdown voltage 
open collector; —I— = 10 uA 


Transition frequency at f = 100 MHz 
le = 2,0 mA; —Vcp = 10V 


le =6,5 mA; —-Vcp =5,5 V 
Feedback capacitance at f = 500 kHz 

le = 0;-—-Vcp=10V 

le = 0;—Vcp=10V 


Noise figure at f = 200 MHz 
le = 2 mA; —Vcp = 10 V; Rg = 60 2; Ry = 1kQ 


Transducer gain (common base) at f= 200 MHz 
Ie = 2mA; —Vop = 10 V; Rg = 60 22; Ry = 1 kQQ 
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—VcCBO 
-VCEO 
—VEBO 
| C 
Prot 

T stg 

Tj 


Rth j-a 


—lIcBo 
—lEBO 

ae 

i 
—V(BR)CBO 
—V(BR)CEO 


—V(BR)EBO 


max. 30 
max. 25 
max. 3 
max. 20 
max. 225 

—55 to +150 
max. 150 
= 420 
<a 100 
< 100 
typ. 55 
< 125 
< 3,6 
> 30 
> 25 
> 3 
typ. 750 
< 200 
typ. 0,7 
typ. 135 
< 160 
typ. 2,5 
< 4 
typ. 16 
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Fig. 2 —Vcp = 10 V; f = 100 MHZ; Tamb = 25 OC. 
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Fig. 3 Circles of constant noise figure. 
—Vcp = 10 V; Ie = 2 mA; f = 200 MHz; 
Tamb = 25 °C; typical values. 
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Fig. 4 —Voc = 12 V; Ro = 1k; Ry, = 920 2; Rg = 60 2; f = 200 MHz; Tamp = 25 OC. 
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SILICON PLANAR TRANSISTOR 


P-N-P transistor in a plastic T-package, primarily intended for application as gain controlled preamplifier 
in u.h.f. television tuners. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) —VcBO max. 30 V 
Collector-emitter voltage (open base) —VcEO max. 30 V 
Collector current (d.c.) —l¢ max. 20 mA 
Total power dissipation up to Tamp = 95 OC Prot max. 160 mW 
Junction temperature Tj max. 150 °C 
Transition frequency at f = 100 MHz i 

le =3 mA; —Vcp = 10 V fT typ. 900 MHz 


Noise figure (common base) 
IE =3 mA; —Vcp = 10 V; f = 800 MHz 
Rs = 60 22; Ry = 500 Q F typ. 4 dB 


Transducer gain (common base) 
Ile =3 mA; —Vcp = 10'V; f = 800 MHz 
Rs = 60 2; Ry = 500 Q Gtr typ. 13 dB 


MECHANICAL DATA 
Fig. 1 SOT-37. 


——— Dimensions in mm 


Connections 


1. Emitter oe 
2. Base — 
3. Collector — 
> | 0,24 max af +1,05 max 
1,2 max-> << 71273904 2 
> 2,7 =< 

max 

(1) = type number marking. 


© Products approved to CECC 50 002-127, available on request. eae 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134). 

Collector-base voltage (open emitter) ~VcRO max. 30 V 
Collector-emitter voltage (open base) —-VCEO max, 30 V 
Emitter-base voltage (open collector) —VEBO  -~—si max. 3 .V 
Collector current (d.c.) | -Ic max. 20 mA 
Base current (d.c.) | —Ip max. | 5 mA 
Total power dissipation up to Tampb = 55 °C Prot max. 160 mW 
Storage temperature ; Tstg —55 to +150 OC 
Junction temperature Tj max. 150 °C 


THERMAL RESISTANCE 
From junction to ambient in free air Rth j-a = 600 K/W 


CHARACTERISTICS 


Tamb = 25 °C 
Collector cut-off current 
le = 0;-Vep=15V —IcBo < 100 nA 
Emitter cut-off current 
lc=0;-Vep=aiV —lEBO < 100 nA 
Collector-base breakdown voltage 
open emitter; —I¢ = 10 uA —-V(BR)CBO > 30 V 
Collector-emitter breakdown voltage 
open base; —Ic = 1 mA -V(BR)CEO => 30 V 
Emitter-base breakdown voltage 
ean open collector; —lp = 10 uA —-V(BR)EBO > 3.V 
—— D.C. current gain > 15 
— le =3 mA; —Vcg = 10 V hFe fp: 60 
le =7mA;—VcE=4V hFEe > 10 
ee ae ae 00 MHz Vp. 900 MHz 
E *~"CB - 700 to 1100 MHz 
le=7mA;—Vcp=5V fr < 200 MHz 
Feedback capacitance at f = 500 kHz 
le =1mA;—Vecp= 10 V Cre typ. 0,45 pF 
Sse: = typ. 115 fF 
ee a Crb < 140 fF 
Noise figure (common base) 
le = 3 mA; —Vcp = 10 V; f = 800 MHz 
= -R, = typ. 4 dB 
Rs = 60 22; Ry = 500 Q F c 5 dB 
Transducer gain (common base) 
le = 3 mA; —Vcp = 10 V; f = 800 MHz > 11 dB 
Rs = 60 2; Ry = 500 2 Gtr 1: 13 dB 
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Silicon planar transistor BF967 
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Fig. 5 Circles of constant noise figure. 


Measuring conditions: 

Fig. 4 —Vop = 10 V; IE = 3 mA; f = 200 MHz; 
Tamb = 25 °C; typical values. 

Fig. 5 —Vcp = 10 V; Ip = 3 mA; f = 800 MHz; 
Tamb = 25 °C; typical values. 


Fig. 6 —Vec = 12 V; Re = 1kQ; Ry = 500 2; 
f = 800 MHz; Tampb = 25 OC. 
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SILICON PLANAR EPITAXIAL TRANSISTOR 


P-N-P transistor in a plastic T-package intended for application as seff-oscillating mixer stage in u.h.f. 
tuners. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) —Vcspo max. 40 V 
Collector-emitter voltage (open base) —-VCEO max. 35 V 
Collector current (d.c.) —Ilc max. 30 mA 
Total power dissipation up to Tamp = 55 OC Prot max. 160 mW 
Junction temperature Tj max. 150 °C 


Transition frequency at f = 100 MHz 
le =3 mA; —Vcp = 10 V fT typ. 900 MHz 


MECHANICAL DATA Dimensions in mm 
Fig. 1 SOT-37. 
Connections 

1. Emitter 


2. Base 
3. Collector 


—r'  |<t-405 max 


7273906 2 
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RATINGS 


"Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) | 
Emitter-base voltage (open collector) 
Collector current (d.c.) 

Emitter current (d.c.) 

Total power dissipation up to Tamp = 55 °C 
Storage temperature 

Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 


CHARACTERISTICS 
Tamb = 25 °C 
Collector cut-off current 
le = 0; —Vop = 20 V 
Emitter cut-off current 
Ic =0;—-VeRg=1V. 
D.C. current gain 
—Ic =3 mA; —Vcp = 10 V 


Transition frequency at f = 100 MHz 
le =3 mA; —Vcp = 10 V 


le =7mA;—-Vcp=5V 


Feedback capacitance at f = 1 MHz 
le = 0; -Vcp=10V 


le =1mA;—Vcp=5V 


Noise figure at Rg = 60 22 
le = 3 mA; —Vcp = 10 V; f = 200 MHz 


le = 3 mA; —Vcp = 10 V; f= 800 MHz 


Transducer gain (common base) at f = 800 MHz 
le =3 mA; —Vcp = 10 V; Rg = 60 2; Ry = 500 22 


November 1979 


—VcBo 
—VCEO 
—VEBO 
—| C 

le 

Prot 
Fstg 

qj 


Rth j-a 
—IcBO 


—lEBO 


hFE 


max. 40 
max. - 35 
max. ‘3 
max. . 30° 
max. 35 
max. °' 160 
—55 to + 150 
max. 150 
= . 600 
< 100 
< 100 
> 25 
typ. 5Q 
typ. 900 

750 to 1060 
> 400 
typ. 70Q 
typ. 110 
q 140 
typ. 475 
typ. 2,6 
typ. 4,7 
< 6,0 
> 13,0 
typ. 14,5 


V 

V 

V 
mA 
mA 
mW 
oC 


‘OC 


K/W 


nA 


nA 


MHz 
MHz 


MHz 


BF979 


SILICON PLANAR TRANSISTOR 


P-N-P transistor in a subminiature plastic T-package, primarily intended for application in r.f. stages in 
u.h.f. tuners using p-i-n diode attenuators. 


QUICK REFERENCE DATA 


Collector-base voltage {open emitter) —VcBo max. 20 V 
Collector-emitter voltage (open base) —VCEO max. 20 V 
Collector current (peak value) | —Icm max. 30 mA 
Total power dissipation up to Tamp = 59 PC Prot max. 140 mW 
Junction temperature Tj max. 125 °C 


Transition frequency at f = 100 MHz 

le = 10 mA; —Vcp = 10 V fT typ. 1350 MHz 
Noise figure (common base) 

le = 10 mA; —Vocp =10 V; f = 800 MHz 

Rs = 80 2; Ry = 500 £22 F typ. 4,5 dB 
Transducer gain (common base}. 

le = 10 mA; —Vcp = 10 V; f = 800 MHz 


Rg = 60 2; Ry = 5002 Gt typ. 16 dB 
MECHANICAL DATA Dimensions in mm 
Fig. 1 SOT-37. 


Connections 


1. Emitter 
2. Base 
3. Collector 


a 1,05 max 


7273906 2 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Emitter-base voltage (open collector) 
Collector current (peak value) 

Base current (d.c.) 

Total power dissipation up to Tamp = 55 °C 
Storage temperature 

Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 


CHARACTERISTICS 
Tamb = 25 °C 
Collector cut-off current 
le =0;-—Vcp=15V 
Emitter cut-off current 
lc =0;-Vep=z1V 
Collector-base breakdown voltage 
open emitter; -Ic = 10 uA 


Collector-emitter breakdown voltage 
open base; —-Ilc = 1mA 


Emitter-base breakdown voltage 
open collector; —l—p = 10 uA 


D.C. current gain 
le =2mA; —VcBp= 10 V 


le = 10 mA; —Vcp = 10 V 
Transition frequency at f = 100 MHz 
le = 10mA; —Vcp = 10 V 
le = 15mA;—Vcp=5V 
Feedback capacitance at f = 500 kHz 
le =0;-Vcp=10V 
le = 0; -Vcp = 10V 
Noise figure (common base) 
le = 10 mA; —Vcp = 10 V; f = 800 MHz 
Rs = 60 2; Ry = 500 2 
Transducer gain (common base) 
le = 10 mA; —Vcp = 10 V; f = 800 MHz 
Rs = 60 22; Ry = 500 Q 


¢ 
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—VEBO 
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—| B 
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T stg 
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Rth j-a 


—lcBo 
—lEBO 
—V(BR)CBO 
—V(BR)CEO 
—V(BR)EBO 


hFE 
hFE 


max. 20 
max. 20 
max. 3 
max. 30 
max. 10 
max. 140 

—55 to +125 
max. 125 
= 500 
< 100 
< 100 
> 20 
> 20 
> 3 
> 15 
>: 20 
typ. 1350 
typ. 1000 
typ. 0,65 
typ. 120 
typ. 4,5 
< 6,0 
typ. 16 
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—— -Vop = 10V. 


Conditions for Figs 5to8:l—e=10mA; - —Vog= 5V’ 


: Tamb = 25 OC; typical values. 
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SILICON PLANAR EPITAXIAL TRANSISTOR 


N-P-N transistor in a plastic TO-92 variant envelope primarily intended for use in active probes, 
frequency multipliers and linear amplifiers. 


QUICK REFERENCE DATA 


y 
Collector-base voltage (open emitter) VcBo max. 40 V 
Collector-emitter voltage (open base) VCEQO max. 15 V 
Collector current (peak value) ICM max. 500 mA 
Total power dissipation up to Tampb = 25 °C Prot max. 500 mW 
D.C. current . | 

Ic = 10 mA; Vep=1V | hee > 40 
Transition frequency at f = 100 MHz 

Ic = 10 mA; Veg = 10 V ft > 500 MHz 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 


Yono 
2 “4 min 


7Z67145 j 


ee 5,2max i 12,7 min ———_ 
' 


7Z2709964.1 


diameter within 2,5max 
is uncontrolled ae 


April 1981 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (1EC'134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (Vpf = 0) 
Collector-emitter voltage (open base) 
Emitter-base voltage (open collector) 
Collector current (peak value; tp = 10 ps) 
Total power dissipation up to Tampb = 25 PC 
Storage temperature 

Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 


CHARACTERISTICS ; Se i i a ae 
Tamb = 25 oC unless otherwise specified » 2 
Collector cut-off current _ 

le = 0; Vep =20V 

lE = 0; Vcp = 20 V; Tj = 125 oC - 
Emitter cut-off current 

Ic =0; Vep=2V \ 
Saturation voltage 

Ic = 10 mA; Ip=1mMA 


Knee voltage 
Ic = 45 mA; Ip = value for which 
Ic = 50 mA at Vcg F2V 


D.C. current gain 
Ic = 10 mA; Vee =1V 


Transition frequency at f = 100 MHz 
Ic = 10 mA; Vcg = 10 V 
Ic = 40 mA; Vcge = 10 V 
Collector capacitance at f = 1MHz 
le =!le=0;Vep=5V 
Emitter capacitance at f = 1 MHz 
Ic =1,=0; Veg z1V 
Maximum unilateral power gain (yrp assumed to be zero) 
\Vfe | : 


JieIoe 
Ic = 10 mA; VcgE = 10 V; f = 200 MHz 


Gym (in dB) = 10 log 


April;198.1 


VcBO. 
VcES 
VcEO 
VEBO 
Icom 
Prot. 
Tstg 

qj 


Rth j-a 


GuM 


{ i A 


max. 40 Vv. 
max. 40. V 
max. 15 V. 
max. 45 V 


max. 500 mA 
max. ° 500’ mW 
—65 to + 150 °C 


max. 150 OC 
= | —-250. K/W 
< —_ 400'-nA 
< 30 yA 
< 100 :nA 
< 0,25 V 


0,70 to 0,85 V 


<< 0,8 V 


> 40. 

> 500 MHz 

> 490 MHz 
et 4 pF 

< 4,5 pF 

typ. 19 dB» 
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SILICON P-N-P HIGH-VOLTAGE TRANSISTORS 


Planar epitaxial transistors in TO-39 metal envelopes, intended as general purpose 
amplifiers and switching devices in industrial and telephone applications. 


QUICK REFERENCE DATA 


BFT44 |BFT45 
Collector-base voltage (open emitter) -Vcpo 


Collector-emitter voltage (open base) -VcEO 


Collector current (d.c.) —Ic 
Total power dissipation up to Teage = 90 PC Prot 
Junction temperature 


D.C. current gain 


-Ic = 10 mA; -VCE =10V : 50 to 150 
Transition frequency at f = 35 MHz 
-Ic = 15 mA; -VcR = 10V : 70 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 


Collector connected to case 


V0,51 
85 ——s 
max 
1 —— 
Eee lee As _ 7259322.1 


a— 94 _» 
max 


max. lead diameter is guaranteed only for 12,7 mm 


Accessories: 56245 (distance disc). 
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BFT44 
BFT45 


UTIL 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages BFT44 | BFT45 
Collector-base voltage (open emitter) -~VcBO 

Collector-emitter voltage (open base) -VCEO 

Emitter-base voltage (open collector) -VERO 

Current 

Collector current (d.c.) | -Ic max. 0,5 A 


Power dissipation 
Total power dissipation up to Tease = 50 °C Prot max. 5,0 W 


| 
7Z76518 


maximum permissible power 
dissipation versus case temperature 


100 
Prot 
(%) BREN 
Enea Reh CREE 
Pt TT Te TTT IN TTT 
SRE REESe NeEE Ea 
50 inn 
4 SH 
SERRA E PRR RRS 
ee ee eee Ue 
a a a TS 
0 100 200 
Tease (°C) 
Temperatures 
Storage temperature Tstg -65 to +200 a G: 
Junction temperature . Tj max. 200 ne 
THERMAL RESISTANCE 
From junction to ambient in free air Rthj-a = 200 °C/W 
From junction to case Rthj-c = 30 °C/W 
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BFT45 
CHARACTERISTICS Tj = 25 °C unless otherwise specified 
Collector cut-off current 
Ip = 0; -Vop = 200 V -IcBO < fs) LA 
"Ip = 0; -VoRg = 200 V; Tj = 125 2G -ICEO < 300 LA 
Emitter cut-off current 
Ic =0; -Vep =3V -IERBO < 5 A 
Collector-emitter sustaining voltage BFT44 | BFT45 
~Ic = 10 mA; Ip =0;L = 25 mH -VCEOsust > 300 250 Vi) 
Test circuit for VokOsust Oscilloscope display for VCEOsust 
L = 25 mH 
ae 7272997 
—V 
Ee (mA) 
hor. 
10 
T.U.T. oscilloscope 
1102 ane 
6V 
0 
7272966 —VcgEo [V) 
Saturation voltages = 
-V < 0,5 V — 
= A: -Ip= l1mA CEsat , — 
C a B te -VBRE sat < 0,8 V — 
-V < 1,4 V 
-Ic =1 A; -Ip = 1 A CEsat , 
vane = oe ~VBE sat = 0,9 V 
BFT44 -Vog < 50 V2) 
-Ic¢ = 500 mA; -Ig = 100 mA pat 
ae Bn BFT45 -VCEsat < 3,0 V 2) 
-VBE sat < L2 V 2) 
D.C. current gain 
-Ic = l1mA;-VcE=10V hRE > 30 
-Ic'= 10 mA; “Vopr = 10'V ; hFR 90 to 150 
-Ic = 100 mA; -Vogp =10V her > 50 2) 
Collector capacitance at f = 1 MHz 
In =1le=0 ; -Vop = 20V Co < 15 pF 


1) -Voc = 0 to 50 V; f = 400 Hz; 6 =0,5 (see also test circuit). 
2) Measured under pulse conditions: tp = 300 ps; 6 S$ 0,02. 
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BFT44 | | : 
BFT45 — 


CHARACTERISTICS (continued) Tj = 25 °C 
Transition frequency at f = 35 MHz 
-Ico = 15 mA; -VoRr=10V fp typ. 70 MHz 


Switching times 


= ; t typ. 125 ns 
—J = 50 mA; -I =o | = 5mA (test tl on 


; ; . z 7 ee t typ. 125 ns 
—] = mA; -I = = si 
Con = 500 Bon = JBoff = 100 mA (test circuit 2) fae ctype 2S is 


Test circuit 1 


Voc =-31V 
tp = 10 Ls 


—11V 


| 7272964 
‘f 


Test circuit 2 


Vcc =-3sl1 V 
tp = 10 eES 


—16V 


| 7272965 
‘/ 
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SILICON PLANAR EPITAXIAL TRANSISTORS 


P-N-P transistors in TO-39 metal envelopes for general industrial applications. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector current (peak value) 
Total power dissipation up to Tamb = 25 OC 
D.C. current gain 

—lc = 10 mA; —VcE = 10 V 


Transition frequency at f = 100 MHz 
—lc = 50 mA; —VcgE = 10 V 

MECHANICAL DATA 

Fig. 1 TO-39. 

Collector connected to case 


BFX29 | BFX87 | BFX88 


—-VCBO max. V 
-VCEO max. V 
—lcmM so max. mA 
Prot max. mW 
> 

h 

FE typ. 
fT > MHz 


Dimensions in mm 


fT pot 05 


~ §max 
85 
max —_ P 
_ aera 
a 6 lg 12.7] 
86 min 7259322.1 


$ 


Maximum lead diameter is guaranteed only for 12,7 mm. 


Accessories: 56245 (distance disc). 


© Products approved to CECC 50 002-071, available on request. 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


I ax. 


EM ™ 


P max. (T 
am 


tot b 


Temperature 
Ts; tg range 
a max. 


<25°C) 


THERMAL CHARACTERISTIC 


Fenqj-amb) 


BFX29 BFX87 BFX88 


60 50 40 Vv 
60 50 40 Vv 
5.0 4.0 4.0 Vv 
600 mA 

600 mA 

600 mA 

600 mW 

-65 to +200 : 

| +200 °C 

292 degC/W 


ELECTRICAL CHARACTERISTICS i 25°C unless otherwise stated) 


-J Collector cut-off current 


CBO i 
Vop 60V, 


“lop O Emitter cut-off current 


“Ves 


EB 


~V_.=3.0V, 1,=0 


EB 
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=5.0V, I 
-V_=4.0V, I =0 


170 


170 


1,=0 


Cc 
C 
Cc 


=0 


Min. Typ. Max. 


BFX29 - 1.0 500 nA 
BFX87 - 1,0 500 nA 
BFX88 - 1.0 500 nA 
BFX29 - 0.5 50 nA 
BFX87 - 0.66 50° nA 
BFX88  - 0.5 50 nA 
BFX29 - 0.03 2.0 pA 
BFX87 - 0.03 2.0 pA 
BFX88 - 0.03 2.0 wA 
BFX29 - 30 500 nA 
BFX87,88 - 2.0 500 A 
BFX29, 87, 

BFX88 - 1.0 100 nA 


Silicon planar epitaxial transistors 


ELECTRICAL CHARACTERISTICS (cont'd) 


h Static forward current 
FE : 
transfer ratio 


“ly =0.1mA, “Vor =10V BFX29 20 90 - 


-I,=1.0mA, -V,,=10V BFX29,87, 
BFX88 40 105 - 


vei 10OmA, ~Vor™ 10V.  BFX29 90-125 2 

: BFX87,88 40 125 - 

mle =s50mA, “Vor =10V BFX29 50 125 = 
“I, = 1s0mA, -V, = 1L0V BFX29, 87, 

BFX88 40 90 = 


“Ta =900mA, -V,..=10V BFX87,88 25 40 


CE 
Collector-emitter saturation 

voltage 

-1,=150mA, -I,=15mA - 0.15 0.40 V 


VCR (sat) 


Base-emitter saturation 
voltage 
“1, =30mA, “1, =1.0mA - 0.77 0.90 V 


1, = 150mA, “1,7 lsmA = 1.05 1.30 v 


~V BR(sat) 


Collector capacitance 


-Vop™ lov, 1-1-0, f=1.0MHz - 6.0 12 pF 


tc 


C Emitter capacitance 


te = = = _ 
Vapi 2-0V, 1,=1,=0, £=1.0MHz 


18 30 pF 


f Transition frequency 
“I, =50mA, “Vor =10V, 


f=100MHz, T  . =25°C 100 360 - MHz 
amb 
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ELECTRICAL CHARACTERISTICS (cont'd) 


Saturated switching times (see test circuits) 


Min. Typ. 
ton Turn-on time - 25 ns 
tore Turn-off time - 55 ns 
h-parameters 
Measured at -I=10mA, -V,,,,=10V, f=1.0kHz, T., =25°C 

Min. Typ. 
hee Input impedance - 600 Q 
hie Voltage feedback ratio - 1.50 x10 
h fe Forward current transfer ratio - 155 
Noe Output admittance - 104 pmho 


SOLDERING AND WIRING RECOMMENDATIONS 


Ls 


When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 


. Transistors may be dip-soldered at a solder temperature of 245°C for 


a maximum soldering time of 5 seconds. The case temperature during 
soldering must not at any time exceed the maximum storage temperature. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm above a board 
having plated-through holes. 


. Care should be taken not to bend the leads nearer than 1.5mm from the 


seal. 


. Ifdevices are stored at temperatures above 100°C before incorporation 


into equipment, some deterioration of the external surface is likely to 
occur which may make soldering into the circuit difficult. Under these 
circumstances the leads should be retinned using a suitable activated 
flux. 
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Silicon planar epitaxial transistors 


TEST CIRCUITS 


Saturated turn-on switching time 


Fig.1 


Saturated turn-off switching time 


Fig.2 
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Silicon planar epitaxial transistors 
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TYPICAL VARIATION OF COLLECTOR CUT-OFF CURRENT 
WITH JUNCTION TEMPERATURE 


| | November 1979 7 


Sac PECEP EE eH BEX29 Peper eee eter 88444 
(mA EECCA Bexe7 CO 


rei # Bi 
BEER per 
St tT hd >~ See 


SRR J05SnSE56=-—__— 258m 
a Le aS0085>—-~_o088RnEe 
a | ne ee 


: senn8 rift tt fl 
gar ase ene oO 
caer rt TT ‘iiiccssmne eral 

|} "zanna rT TT [tl 
2001-+-+-+-+- ox | ial ~— See FCCC EEE 
Z oie io | | | i i | tf 4444p fp fbf PP ET ETS ft 

CO Ane e=—— rT tt it ty i] ey ft {tT Tt Tl 


24 aap 


p> tet SUMS RRS RERORRA 
-aS0RRRSE EE BRE eRe sR 
F aa el fe ee | 

O} GSR see Ae RARER Se 


1:0 5 2:0 “Vee (Vv) 


ttt Tt tf + SH t+ 
HH -iptma)=16 FECL 10 Hr oF 
ae “aan 


POSS RMD RE Pttty tty 
S2SG000>—. 28 SOSA 
aaaP>— 


TYPICAL OUTPUT CHARACTERISTICS AT LOW AND HIGH 
COLLECTOR-EMITTER VOLTAGES 


8 November 1979 


} 


Silicon planar epitaxial transistors 
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Silicon planar epitaxial transistors 
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Silicon planar epitaxial transistors 
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Silicon planar epitaxial transistors 
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SILICON PLANAR EPITAXIAL TRANSISTOR 


P-N-P transistor in a TO-39 metal envelope intended for switching applications. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter). 
Collector-emitter voltage (open base) 
Collector current (peak value) 
Total power dissipation up to Tamp = 25 °C 
D.C. current gain 

—Ic¢ = 10 mA; —Vecg = 0,4 V 


Storage time 
—ICon = 100 mA; —I Bon = I Bote = 10 MA 
MECHANICAL DATA 
Fig. 1 TO-39. 
Collector connected to case 


Maximum lead diameter is guaranteed only for 12,7 mm. 


Accessories: 56245 (distance disc). 


€ Products approved to CECC 50 004-083, available on request. 


L 6,6 sills = 127 
max 


max. 65 V 

max. 65 V 

max. 600 mA 
max. 600 mW 
typ. 90 

_ 50 to 200 

< 250 ns 


Dimensions in mm 


October 1982 1 


BFX30 


RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


tot 


Temperature 


T m 
stg 
os max. ° 


max. (T 
a 


fe) 
<= 
mb sa: C) 


THERMAL CHARACTERISTIC 


Ren (j-amb) 
ELECTRICAL CHARACTERISTICS (T,=25°C unless otherwise stated) 


“loBo 


EBO 


-V 


BE(Ssat) 


FE 


Collector cut-off current 


“Vop™ 5V, 1,79 


ol = =0(0, 
Vor SOV, Is 


T, =100°C 


Emitter cut-off current 


“Vip 5- OV, 1,70 


“Vip 3-OV, 1,=0 
Base-emitter saturation 
voltage 
-I_=30 -I_=1. 

I Cc mA, I, OmA 


“I, =150mA, -1- 15mA 


Static forward current 
transfer ratio 

-1,=1.0mA, -V 
“I, =10mA, “Vor 
“I= 50mA, “Vap70-4V 


“Iu =150mA, Vor 


CE 
=0.4V 
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=0.4V 


=0.4V 


65 
65 
5.0 
600 
600 
600 
600 


-65 
200 
200 


292 


Typ. 


0.03 


0.77 
1.05 


80 
30 
92 
50 


V 
V 
V 
mA 
mA 
mA 
mW 
°C 
oO 
°C 
degC /W 
Max. 
500 nA 
50 nA 
2.0 pA 
500 nA 
100 nA 
0.90 Vv 
1.30 V 
200 


Silicon planar epitaxial transistor 


ELECTRICAL CHARACTERISTICS (cont'd) 


Collector capacitance 


te 

os =j = = 

Vos OV, I, I, 0, 

f=1.0MHz - 6.0 12 pF 
‘es Emitter capacitance 

“Vip 2 OV; LAE Ao: 

f=1.0MHz - 18 30 pF 


Saturated switching times (See page 4) 


I, =100mA, “loon” Loft 10mA, Vier =10V, V BKoff 2.0V 

t q Delay time - 9 15 ns 
= Rise time ~ 18 40 ns 
ae Turn-on time (t qt ') - 27 50 ns 
te Storage time - 95 250 ns 
t f Fall time - 30 50 ns 
- ff Turn-off time (t. +t Py - 125 290 ns 


SOLDERING AND WIRING RECOMMENDATIONS 


L. 


When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 


. Transistors may be dip-soldered at a solder temperature of 245°C for 


a maximum soldering time of 5 seconds. The case temperature during 


soldering must not at any time exceed the maximum storage temperature. 


These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm above a board 
having plated-through holes. 


. Care should be taken not to bend the leads nearer than 1.5mm from the 


seal. 


. Ifdevices are stored at temperatures above 100°C before incorporation 


into equipment, some deteriqration of the external surface is likely to 
occur which may make soldering into the circuit difficult. Under these 
circumstances the leads should be retinned using a suitable activated 
flux. 


BF X30 
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ELECTRICAL CHARACTERISTICS (cont'd) 
Saturated switching times 


Test circuit 
D420 


—Vp =20V 


iliac. 


~I...100mA,-1 SE =10mA 
7 BoM ain 


=2:OV 
\BE (off) © 
Waveforms 


Input 


Output 
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Silicon planar epitaxial transistor 
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TYPICAL VARIATION OF COLLECTOR CUT-OFF CURRENT 
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Silicon planar epitaxial transistor BF X30 


até oa EO 6 a =e 
5 A Rate 
(mA Basics eee ar er Gee ete an Wei ace el 
es zi COO oma PEEL 
Pre OH Cone snes Oma L 
i ba seeeuuap” aeeues? dese CoOCC Co 
SG A Ae etal Be eee 
sesestecasecue® ducuscelness’, coves ceeraecners 
REHASH aan aaeie 
SERAAGGUER? gaLP B” cet an 
Ee A AA Lea EEE PPerE EL EEEEEEEEH 
COPE CCCCA CCT er eae eee 
So SUBESUGy dep7aGe7 auuueee>s ance HH 
FCCC a eer SuEEESESHSEEEGES 
Saar or ertestons ceettastonpenonts= (Eacuc arts 
Sadar ce catent scgententes a> eeseatieat oerertasts 
ai ae sa Pee eee i a A te asia 
anny /,7 4? dene? _ acc — 
SO at Ps ea 
200 LL 4a eer tele 
Vier 
MN ee - 
17 ff tt eG a im 
Ul foe ee = 
< : zeae Big -" 5 
1 dL a FJ 
a i eo aa 5 
os eae ee ae Par 
O 05 +O +5 20. -Veg(V) 


N | 
A 


Name @ 
veeaay 


TYPICAL OUTPUT CHARACTERISTICS AT LOW AND HIGH 


COLLECTOR-EMITTER VOLTAGES 


November 1979 7 
1 | 


BFX30 


a Acces 
CoCo BEX39 Fert 


(mMAJCEETTTTTIIITItT Trt tyr] (mA) 
nee eats 


=O-4vile TTT ttt tt 
ae : Bim aeeennees 


SERRE SR 
Rata ee Senses 


-VBE(V) 


Typical input characteristics 


November 1979 


a a 
Cie Preteen 


i | TT oe eS 
200 LLC eer ¥ SERRE EBRS 

SRR! Pee 
Ase eRe ees Lees 
BRR RPRRAANEY SERRE 
pep ptt ft 


ie iste as 
a VeE= oe EEE 


— ae mentee + +1 + +1 1 
re 


mee 

He eS aa 

CEE EEE Ss 
SERRE ENR... “ER 
Peles) ay Oe aa Pee ce pete Pe = eae Pare 
Pe Tes Te 
pees oa SS Teste ete eee Pe he Pe Spee 
pr eo ee aes RE ee 
pth le fe eh ee ator 
SRE ERAS ARREARS 
tS A A 


-50 0 100 T}CC) 


Typical base current versus 
junction temperature 


B8346 


EROS G GRAB ETA UAE CARA REDY 
ECC 
Eloisa oy eda acs ioe eter tobe elie 
beet tes pM el Ne It yg See eee Ie 
TAT 
AU PAT 
PUTA 
ECA 
SEE) SERRE AER See 
A ey Anan eee eek eae eee 
Sag taaes ca GEESECEEG cateen 
a 


3 


5G Gait GL 
NPE Pa SlekeO a A eae B8347 
Mercere evince be Maer eke Pee tol 
Pea sa 4GnA Serer nanan eeeeeaeees 
150 Pern ~Ic= obi GG a GE OO 0 
i 7 
neon ee z 
Bae CCCs 
EEE ei “Coie ry 
el on gage p> ~2enne rats] 
CCE ECEECEECEECEEEE Baa?" dae eee 
or i Bees 
Pel ene ete PEE petro deceit el 
BeSSenne Chee EEE EEE 
SGRG00RER0 6 =~ _. ccSReR POSSE PS 
Sge0= = —_ 2000 Re SSR eee eee — 
a @q00fTanRRAneESeEBee Reicher bic ete — 
Abeer ristieitiebin bata lc ee ete lhc — 
PIC EEC CEE EEE — 
et tala etal el ele ie a eI ato = 
20005 ARB CG CESS CUE eRe eRe es —— 
50 CECE EE EE CCE CECE CECE eee eee er 
Para ick erie ieee el eal eee lei feat 
(Ed OE FA a a 0 it 08 0 a‘ Os PC nO OO 
PEER Costner Cher ho bre orb ceri rt 
BE Rep de ee Re ei eae a 
Gl GET GY! ROD Be SG a GR NG OE 
DES SE SEC Sosee Oo Ese eee 
4 SS OO GSS 0 iF i el 
PCE CECE 
a 0 PS OT GSE OS A 9D CP Od 
OCCCEEEECEECETCECEEETELEET EEE ELE 
=50 0 50 100. 150 T/C) 


TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER RATIO 
WITH COLLECTOR CURRENT AND JUNCTION TEMPERATURE 


November 1979 9 


BFX30 


i By 
ZEGce ean eee on 

Pto/-tpsto PE 

cy ere al COCO 

sot TTT TTT = —S 

(Vv) suaencages6ro=n>-aoc--caccnann 


| t | | 1B8348 | 
ae 


~Veetsa LOCO; 
TO ro]-t,=20L LOOT) 
iS eS ase S————oN 


tf pen tes aan mN 


ee PE Te ee a a eee OP sl ees | 
Lt 1-16 /-Ip=30 ptt ptt tt 
mai lca 


lea | 

eae eee 
A eM ese ae ae eb eee ee 
Lap Pere Cer Gee eet aaa 
oe eee Moved sed ee Ta Ca Ie iat tele aie | 


0 200 400 600 —Ic(mA) 


TYPICAL VARIATION OF BASE-EMITTER SATURATION VOLTAGE 
WITH COLLECTOR CURRENT AND I ee RATIO 


10 


November 1979 


Silicon planar epitaxial transistor BFX30 
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TYPICAL VARIATION OF COLLECTOR CAPACITANCE WITH 
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ee 
SILICON PLANAR EPITAXIAL TRANSISTOR Gs 


N-P-N transistor ina TO-39 metal envelope primarily intended for use as high-current switching device, 
e.g. inverters and switching regulators. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcBO max. 120 V 
Collector-emitter voltage (open base) VCEQ max. 60 V 
Collector current (peak value) Icom max. 5,0 A 
Total power dissipation up to Tegse = 25 OC Prot max. 5,0 W 
Junction temperature Tj max. 200 °C 
D.C. current gain 

IC=2A; VcE=2V hFE 40 to 150 
Transition frequency at f = 35 MHz 


Ic =0,5A;Vop=5V fT > 70 MHz 


Turn-off time when switched from 
Ic =5 A; Ip =0,5A to cut-off 


with —Ipy=0,5A toff < 1,2 ps 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 


Collector connected to case 


Yost 
t “| max 
8,5 =— 
max 


. 6,6 eee 12,7 


max min 7259322 1 


Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56254 (distance disc). 


© Products approved to CECC 50 004-025, available on request. 
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RATINGS Limiting values inaccordance with the Absolute Maximum System (IEC 134) 


Voltages 
Collector -base voltage (open emitter) 
Collector -emitter voltage (open base) 


Emitter -base voltage (open collector) 


Currents 
Collector current (d.c.) 
Collector current (peak value) 


Base current (d.c.) 


Power dissipation 
Total power dissipation up to Tease = 25°C 


up to Tamb = 25°C 


Temperatures 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 
Frm junction to ambient in free air 


From junction to case 


VcBO 
VCEO 
VEBO 


max. 120 V 
max. 60 V 
max. 6 V 
max. 2.0 A 
max. 5.0 <A 
max. 10 A 
max. 5.0 W 
max. 0.87 W 
-55 to +200 
max. 200 °C 
= 200 “c/w 
= 35 °C/W 
March 1971 


CHARACTERISTICS 


Collector cut-off current 


VEB = 9; Vog =60 V 


Emitter cut-off current 


Ic = 0; Veg =4V 


Saturation voltages 


Ic =5A;Ip=0.5A 


D.C, current gain 
Ic = 1.0 A; Vog =2.0 V 
Ic =1.5A; Vop =0.6V 


Ic = 2.0 A; VoR =2.0V 


Collector capacitance at f = 1 MHz 


Iz =Ie = 0; Vop=10V 


Emitter-capacitance at f = 1 MHz 


Ic =Ic = 0; VEB=0.5 V 


Transition frequency at f = 35 MHz 


Ic = 0.5 A; VoR=5 V 


Turn on time when switched from 


-VBE = 2.0 VtoIG=5 A; Ip=0.5A 


with Ipyy =0.5 A 


Turn off time when switched from 


Ic =5 A; Ip=0.5 Ato -VpR =2.0 V 


with ~Ipy =0.5 A 


March 1971 


IEBO 


VCEsat 


VBEsat 


{T 


Coff 


to 


110 
150 


100 


345 


70 
100 


oO © 
Or bdo 


0, 34 
1,2 


MHz 


US 
US 


Us 
Us 


BFX34 


I¢ 
(A) 
1 N 
SSA 
SARIN 
10" 
— 12 
1 


Safe Operation Area with the transistor forward biased 


I Region of permissible d.c. operation 
II Permissible extension for repetitive pulsed operation 


4 | March 1971 
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0 25 Ic(A) 5 


August 1972 | 5 


BFX34 


60 7260476 


frcalc eal alecahe then aie 
Rae e Ree eRe 
Rat RERKEREee 
Laois el 
CEE 
Pete se Pe ead eM esa al 
eect spesspcatiell ces cI Sl oall ae dialectics sce 
Renee eRe Swe 
le echt ped eee ost 
Nant Ee 
Hi Whee e ae 
eek “SRR 
BeaRED SAREE 
eo sy ee ae 
lf feed a a 
Rea eee ARE 
Reena 
(a ae Wag 
Cepeda ile Wel ead | 
0 1 , 3 4. 5. Ic(A) 6 
6 7260475 0 75 7Z260473.1 
rE Ae PT TITTY 
j= an VcEsat eal 
se Ie CELT TTT I 
— (a) CLEL Er AT (V) 
= PEEEEE aaa 
= HR oH CE 
ae He 
samceee co eC 
ptt tty Pt ET 
soeanae aces eee Sees 
EPS TE) fA 
qeeneenes HHH} ost ++ Att ttt 
Pt REBRE ese seers 
ptt tT yt te Pt 
BRR pt tt eT Pedal ot ae see ae 
Pt ttt Ppt 
EERE ope Ae te! Beas eee eee 
PT TT 
CEPEEOPEEP PERE pp pd 
o CELA Tio Pa deal Soe al al 
Vee (V 0 2.5 Ic (A) 5 


6 April 1971 


SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in TO-39 metal envelopes for general purpose industrial applications. 
QUICK REFERENCE DATA 


BFX84 | BFX85 | BFX86 


Collector-base voltage (open emitter) VCBO  —max. a 
Collector-emitter voltage (open base) VCEQ = max. V 
Collector current (peak value) IcmM max. A 
Total power dissipation up to Tamb = 25°C — Pot max. mW 
Total power dissipation up to Tggsg = 100 PC Pot max. Ww 
D.C. current gain _ 
Ic = 150 mA; Veg = 10 V h 
Transition frequency at f = 35 MHz 
Ic = 50 mA; Vcg = 10 V; Tamb = 25 OC fT > MHz 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 
Collector connected to case 
Amax 
8,5 =—=> 
max 
Y ——7 
a vd 72593221 
Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 
= Products approved to CECC 50 004-100, available on request. —* 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
BFX84 BFX85 BFX86 

V CBO max 100 100 40 
Vor max. (cut-off, 1,=lmA) 100 100 40 
Vor O oe 60 60 35 
VERO max. 6.0 
I C max. : 1.0 
I CM max. 1.0 

I. max. 1.0 

“loam max. 1.0 
I, max. 100 

+ : 
1M max ; 100 
P ot max. Tambo 2? _ ' 800 

T =25 C 5.0 
case ‘ 
T >25, <100 C 2.86 
case 
Temperature 
T -65 to +200 
stg 
7 max. 200 
THERMAL CHARACTERISTICS 

Ren (j-amb) in free air 220 
Rin(j-case) eo 
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Silicon planar epitaxial transistors 


BFX84 


ELECTRICAL CHARACTERISTICS (T,=25°C unless otherwise stated) 
Min. Typ. Max. 


I CBO SS eee es ; 7 = a 
CB 7 °E “ 
Ven MOV, 10, T,= 100 Cc - 0.5 30 uA 
Vap SOV, 1,=0 : - 2.0 50 nA 
Vop 80V; 1,70, ar 200 C - 0.1 2.5 pA 
"EBO — ; ae 2 a - 10 500 nA 
EB 7"C 
Vip oO; 1,=0 : - 2.0 50 nA 
Veep 0: OV: 1,=0, 232200 Cc - 0.1 2.5 pA 
hor Static forward current 
transfer ratio 
1,=10ma, Vor LOV 20 80 - 
1, =150mA, Vag 10V 30 112 = 
1, =500mA, Vor LOV 20 70 - 
T,=1.04, Vaz lov 15 35 - 
V CE(sat) neal saturation 
[,=10mA, 1,=1.0mA - 0.15 0. 20 V =r — 
1,=150mA, 1,=15mA = 0.15 0.35 V = 
1, =500mA, 1, =50mA = 0.35 1.00 V oe 
1,=1.0A, 1,,=100mA ~ 0.66 1.60 V 
Vor (sat) eat saturation 
1, =10mA, 1,=1.0mA - 0.69 2 V 
1, =150mA, 1,=l5mA - 0.92 1.3 V 
1, =500mA, 1,,=50mA - 1.15 1.5 V 
1,=1.0A4, 1,,=100mA - 1.40 2.0 V 
Cro Collector capacitance 
Vap lov: 171, =9, 
f=1.0MHz - 7.0 12 pF 


| June 1982 3 


BFX84 


ELECTRICAL CHARACTERISTICS (contd.) 


f Transition frequency 


n= 50mA, Vor” 10V, 


f=35MHz, TT, =25°C 
amb 
Saturated switching times 


I_ =150mA, Ton) = “Ts (off) =15mA, 


C 
- = - =2.0 
Mie PONG: “Vania ee 

t d Delay time 
t. Rise time 
t Turn-on time 

on 
t. Storage time 
te Fall time 
t Turn-off time 

off 
h-parameters 
hee I,=1.0mA, VoR 0 OV, 


f=1.0kHz, T = 25°C 
amb 


h, 

ie 

Die 1,=10mA, eee 
Nee f=1.0kHz, Tomb 2? Cc 
h 

oe 
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15 


140 


15° 


40 
55 
300 
60 
360 


85 


80 


MHz 


ns 
ns 
ns 
ns 
ns 
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Silicon planar epitaxial transistors 


BFX865 | 
ELECTRICAL CHARACTERISTICS (7, =25°C unless otherwise stated) 
| Min. Typ. Max. 


I ABO Collector cut-off current 
= V = = = 
CB 100V, I, 0 : 10 500 nA 
= = =10 - ; 0 
Vag 100V, I, 0, oF 0-C 0.5 3 LA 
= = - ; 0 
Vop 80V, I. 0 : 2.0 5 nA 
Vap SOV; 1,79, ane C - 0.1 2.5 LA 
BO ae 500 
EB ~~ ’ C 
Veep 2: OV; 1,70 : - 2.0 50 nA 
=5. = =100 - . : 
Veep 5.0V, I, 0, Tr, 00° C 0.1 25 LA 
h Static forward current 
FE . 
transfer ratio 
1,=10mA, Vop 10V 50 90 - 
= = 0 4 - 
I 150mA, Vor 10V 7 142 
1, =500m<A, Vap lov 30 90 - 
=1. =10V 15 50 are 
I 1.0A, Vor 
V CE (sat) Collector-emitter saturation 
voltage 
1,=10mA, 1,=1.0mA = 0. 15 0. 20 V <_— =_ 
1, =150mA, I,,=15mA - 0.15 0.85 V — 
1, =500mA, 1,7 50mA - 0.35 1.00 V — 
171.04, 1, =100mA - 0.66 1.60 V 
Var (sat) Base-emitter saturation 
voltage 
1,=10mA, 1, =1.0mA - 0.69 1.2 V 
1,=150mA, 1,=lo5maA - 0.92 1.3 V 
1, =500m<A, 1° 50mA - 1.15 1.5 V 
=1. = - 1.4 ‘ 
Ia 1.0A, I, 100mA 0 2.0 V 
Cre Collector capacitance 
Vap~ lov, 1=1,=9, 
f=1.0MHz - 7.0 12 pF 
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BF X85/BFX86 


ELECTRICAL CHARACTERISTICS (contd.) 


Min. Typ. Max. 
fr Transition frequency 
Ia =50mA, Vor” 10V, 
£=35MHz, T , =25°C 50 185 ~ MHz 
amb 
Saturated switching times 
Ia =150mA, Ton) = “1 (off) =15mA, 
“Vir = 10V, ~V BR (off) =2.0V 
t d Delay time - 15 - ns 
. Rise time - 40 - ns 
t Turn-on time - 55 - ns 
on 
t. Storage time = 300 = ns 
te Fall time - 60 - ns 
t Turn-off time - 360 - ns 
off 
h-parameters 
hee 1,=1.0mA, Vop™ 5-OV, 
=— f=1.0kHz, T  ,=25°C 20 65 - 
camaas amb 
—e - ws 
he 750 a 
= =o. - ; OX 
hie In 10mA, VoE 5.0V, 0.85 5.0 x 10 
h f=1.0kHz, T  , =25°C 25 80 ~ 
fe amb 
h - 35 80 umho 
oe 
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Silicon planar epitaxial transistors 


BFX86 
ELECTRICAL CHARACTERISTICS (T. =25°C unless otherwise stated) 
Min. Typ. Max. 


Collector cut-off current 
V Bp tOV: 1,=0 - 10 500 nA 


Von 40V, 1,79 T,=100°C WA 


=30V, I_= . 
ee nee ; 2.0 50 nA 
Vop@30V, 1,70, T,=100'C uA 


6 BO 


l 
on) 
on 
(sv) 
i) 


| 
Oo 
bo 
o1 


Emitter cut-off current 
Ven 0-OV, 1,=0 - 10 500 nA 
Vip? OV, 1,70 - 2.0 50 nA 
V i> 020, 150, T,=100°C pA 


Li BO 


I 
jo) 
ry 
we) 
oOo 


Static forward current 
transfer ratio 


1,=10mA, Vay 10V 50 90 - 


= =1 0 4 - 
1,=150mA, V,,,=10V 7 142 
1,=500mA, V,,=10V 30 90 2 


=], =] = 
To 1.0A, Vor OV 15 50 


h 
FE 


Collector-emitter saturation 
voltage 


[,=10mA, 1,71.0mA - 


0 

I, =150mA, I, =15mA 0.15 
0 
0 


VoK sat) 
20 
135 
.00 


C 


Ia =5300m<A, I 


=i, 
Ia OA, I 


=50mA - 
100mA - 


Io bt 
rere oS O&O 


<<< < 


.60 
B 

Base-emitter saturation 

voltage 

I_ =10mA =1. - 
C mA, I, OmA 
1,=150mA, I_=15mA - 
1, =500mA, I_ =50mA - 


100mA - 


V BE (eat) 


lo td 
= fF CO © 
me © 
3) a SC) 
no Se Be 
oO mn WwW WN 
<< <4é=#< 


I_=1.0A, I 


C B 


C Collector capacitance 


Te 
. V = = — 
GR ete tee 


f=1.0MHz 7.0 12 pF 
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MEASUREMENT OF SATURATED SWITCHING TIMES 
Test circuit 


= Vee =10V 


CRO 


Vpp 716-5 


T.2150mA, I =15mA 


Bion) TB loft) 


Veg(ott) = 2 OV 


Switching waveforms 


20V 


Input 


Output 


~- —10%e 


re 
a 
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MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST 
AMBIENT TEMPERATURE 


Rth(t) i==S5= 


meer peep 


———— 


10 


aaa 
PT Rth(t) = (Rth(>s)-Rth(to)) ¢*R th(to) 
| Rens) x steady state thermal resistance with dz10 HHH 


Rth(to)= transient thermal pseistorice with dz0 sorbed 


Transient thermol resistance Rth(j- case) 


Pulse duration t(s) 


TRANSIENT THERMAL RESISTANCE FOR VARIOUS DUTY FACTORS 
PLOTTED AGAINST PULSE DURATION 
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Silicon planar epitaxial transistors 
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TYPICAL OUTPUT CHARACTERISTICS 
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Silicon planar epitaxial transistors 
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P-N-P SILICON PLANAR EPITAXIAL TRANSISTORS 


For data of these transistors please refer to type BF X29. 
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SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in TO-39 metal envelopes intended for general purpose industrial applications. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector current (peak value) 
Total power dissipation up to Tamb = 25 OC 
Total power dissipation up to Tease = 100 9C 
D.C. current gain 

Ic = 150 mA; Veg = 10 V 


Transition frequency at f = 35 MHz 
Ic = 50 mA; Vce = 10 V; Tamb = 25 OC 
MECHANICAL DATA 
Fig. 1 TO-39. 
Collector connected to case 


Maximum lead diameter is guaranteed only for 12,7 mm. 


Accessories: 56245 (distance disc). 


© Products approved to CECC 50 002-089, available on request. 


BFY50 | BFY51 


. vee eee 


MHz 


Dimensions in mm 


RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


cBo ™*- 


max. (cut-off,I_=1mA) 


C 


re) 
< 
Pot max. T pe? C 


T 25°C 
case 


T ase? 25) <100°C 


cas 


Temperature 


T 5g 
a max. 


THERMAL CHARACTERISTICS 


Rua (j-amb) in free air 


Fn j-case) 
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Silicon planar epitaxial transistors 


BFY50 
ELECTRICAL CHARACTERISTICS (7, =25°C unless otherwise stated) 
Min. Typ. Max. 
I CBO ee ee current ; " ie a 
CB °E a 
Vap 80V, 1,79, ae C LA 
/ Vap 00¥: 1,70 - | 2.0 50 nA 
Von 760V, 1,70, T, =100°C pA 


1 
fa) 
ol 
eo 
jan) 


J 
fon) 
ar 
bo 
o1 


Emitter cut-off current 


Vip 0:OV; I,=0 ~ 10 500 nA 


Vien elves ta 0 ; - 2.0 50 nA 
=), T,=100°C - 0.1 2.5 pA 


TBO 


Vup=o.0V, I 


EB C 


h Static forward current 
FE . 
transfer ratio 
I°,=10mA, V = 10V 20 80 - 


C CE 
1,=150mA, Vop lov 30 112 - 


= =] _ 
Ta 500mA, Vor OV 20 70 


Collector-emitter saturation 
voltage 


[| = =1, oe 
C 10mA, I, OmA 


1,=150mA, I= 15mA - 
1, =500mA, 1, =50mA - 
; T,=1.04, 1,,=100mA - 


Var (sat) Base-emitter saturation j 
voltage = 


1,7 10mA, 1,=1.0mA - .69 
I. =150mA, 1,=15mA - .92 
15 


C 
40 


VoKsat) 
15 
15 
.35 
66 


. 20 
20 
70 
00 


oo fo © 
H Oo Oo Oo 
<<< < 

TT 


—T- 


1, =500mA, 1,,=50mA - 
1, =1.0A, 1, =100mA - 


Fe FF O&O & 
Dn FP KF 
mo ao WwW bd 
<<a <4 <4 


C Collector capacitance 


Te a —T = 
Vor 10V, In I, 0, 


f=1.0MHz - 7.0 12 pF 
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ELECTRICAL CHARACTERISTICS (contd.) 


\ 


Min. 
fr Transition frequency 
‘c =50mA, Vor =10V, 
f=35MHz, T = 95°C 60 
amb 
, Saturated switching times 
I, =150mA, T3(0n) = Toff) = sas 
“Vor 10V, VBE(off) 2.0V 
t d Delay time - 
t Vv Rise time - 
eee 
f° Turn-on time - 
on 
( | = 
‘ us Storage time 
te Fall time - 
t Turn-off time = 
off 
\ 
a h-parameters 
— \ =1, =5, 
Deg \ Ia 1.0mA, Vor 5.0V, 
— f=1.0kHz, T = 25°C 10 
amb 
— h = 
ie 
hie 1,=10mA, Vop 5:0V> - 
h f=1.0kHz, T =95°C 15 
fe amb 
h Re 
oe 


STE, 
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40 
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Silicon planar epitaxial transistors 


BFY51 
ELECTRICAL CHARACTERISTICS oe =25°C unless otherwise stated) 
Min. Typ. Max. 


I Collector cut-off current 


CBO = = - 
Vay 60V, l. 0 : 10 500 nA 
= = — 10 me é 
Vop 60V, I, 0, T, 0c 0.5 30 LA 
VaptV, 1,=0 ; - 2.0 50 nA 
Vay tv, 1,=0, ae C - 0.1 2.5 pA 
EB ~~ ’ C 
Veep: OV; 1,=0. : - 2.0 50 nA 
Veg 2: OV; 1,=0, fae C - 0.1 2.5 LA 
h Static forward current 
FE ; 
transfer ratio 
I, =10mA, Vap7 lev 30 85 - 
1, =150mA, Vag lov 40 123 - 
1, =500mA, Vag l0V 25 79 - 
I,=1.0A, Vaz” lov 15 40 - 
Mor (sat) Collector-emitter saturation 
voltage 
In =10mA, 1,71.0mA - 0.15 0, 20 V <- —_ 
1, =150mA, 1, =15mA - 0.15 0.35 V — 
1, =500mA, 1,=50mA . 0.35 1.00 V — 
1, =1.04, 1,,=100mA - 0.66 1.60 V 
VBE (sat) Base-emitter saturation a 
voltage 
1, =10mA, 1,=1.0mA / oo. 0.69 1.2 V 
1,=150mA, 1, =15mA - 0.92 1.3 V 
1, =500mA, 1,,750mA - 1.15 1.5 V 
1, 71.04, 1,7 100mA - 1.40 2.0 V 
Cro Collector capacitance 
Vap™ lov, 171,79, 
f=1.0MHz - 7.0 12 pF 
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ELECTRICAL CHARACTERISTICS (contd.) 


Min. Typ. Max. 
Ln Transition frequency 
= = 1 
I 50mA, Vor OV, 
f=35MHz, T  , =25°C 50 “ = MHz 
amb 
Saturated switching times 
= 1 =. = 1 
Ia 50mA, 13 (0n) TB off) 5mA, 
- =] - =2.0 
VEE OM VBE (off) ac0N 
t d Delay time = 15 ee ns 
us Rise time = 40 - ns 
Turn-on time - 55 - ns 
on 
us Storage time 7 300 = ns 
te Fall time - 60 - ns 
t Turn-off time - 360 - ns 
off 
h-parameters 
= De, 1,=1.0mA, Vor 2-OV; 
= f=1.0kHz, T = 95°C 20 65 - 
amb 
—_> h, - 750 < Q 
ie a 
= = - 3 ss x 
he In 10mA, Vor 5.0V, 0.85 5.0 10 
h f=1.0kHz, T = 25°C 25 80 ~ 
fe amb 
h - 35 80 umho 
oe 
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BFY52 
ELECTRICAL CHARACTERISTICS - =25°C unless otherwise stated) 
Min. Typ. Max. 


Collector cut-off current 
=A = 

Vor OV, I, 0 ; 
= _ =I] 

Vap 40V, L 0, a 00 C 


ICBO 


J 
Oo 
ol 
oo 
Oo 


pA 
Vin 30V, 1,70 - 2.0 50 nA 


CB 4 
V2 o0V... 1-0, oor C 


1 
(an) 
bo 
o1 


CB E pe 
Emitter cut-off current 


Viap 0-0V; 1.=9 - 10 500 nA 


Vege OV Tare ; - 2.0 50 nA 
=5, = =a - 1 
Vip 5-0V, 1,70, T,=100 C 0 2.5 pA 


1BO 


h Static forward current 
FE . 
transfer ratio 


= 1 = 
c= l0mA, V7 10V 30 90 


I =150mA, V__=10V 60 142 - 

 ¢ CE 
= = 3 aS 

1, =500mA, V,,,=10V 0 90 

T,=1.0A, Vag lov 15 50 - 

Collector-emitter saturation 

voltage 

T,=10mA, L,=1.0mA - 

1, =150mA, I_=15mA - 

=500mA 
Ia 500mA, I 
T,=1.0A, I, 


VoR(sat) 

| 16 0. 20 
Lo 0.35 
30 


omy 
i) 
=) 


=50mA - 
100mA _ 


om <> > ee a) 


<<< < 
TH 


Il oh td 


. 66 1.60 


Var (sat) Base-emitter saturation 
voltage 


1, =1omA, 1,71.0mA - 
1,=150mA, I_=15mA - 
I, =500mA, I_=50mA - 


11.04, I, 100mA - 


.69 
92 
~15 
40 


it td 

e Ee Oo © 
Dp fF FE 
oun ww Nf 
<<< << 


C Collector capacitance 


Te ea casa oh 
Vap lev, I, I, 0, 


f=1.0MHz - 7.0 12 pr 
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MEASUREMENT OF SATURATED SWITCHING TIMES 


Test circuit 


—Ver =10V 


p 
1.0 Us cso 
BB 
I #150mA. I =-L x15mMmA 
Cc ? Bion) — Bloff) 
"Bein = eo * 
Switching waveforms 
=~ - 90%. 
i 
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Sees | 
Es i 
ane t 
mae | 
rcs 1 t | 
rc off — 
{ 
| ' 
| | 
, ae oe — 90° 
| 
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Output l 
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b- s™ | 
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Silicon planar epitaxial transistors 
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MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST 
AMBIENT TEMPERATURE 
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Silicon planar epitaxial transistors 
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Silicon planar epitaxial transistors 
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Silison planar epitaxial transistors 
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Silicon planar epitaxial transistors 
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TYPICAL STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED 
AGAINST COLLECTOR CURRENT AND JUNCTION TEMPERATURE 
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Silicon planar epitaxial transistors 
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TYPICAL TRANSITION FREQUENCY PLOTTED AGAINST 
COLLECTOR CURRENT 
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BFY55 


SILICON PLANAR EPITAXIAL TRANSISTOR 


N-P-N transistor in TO-39 metal case with the collector connected to the case. It is primarily intended 
for use in high frequency and very high frequency oscillators and amplifiers as well as for output stages 


of servo amplifiers. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VCcBO max. 80 V 
Collector-emitter voltage (open base) VCEO max. 35 V 
Collector current (d.c.) Ic max. 1A 
Total power dissipation up to Tamp = 25 OC Prot max. 800 mW 
Junction temperature Tj max. 200 °C 
D.C. current gain at Tj = 25 °C 

Ic = 150 mA; Veg = 10 V hfe > 40 
Transition frequency . 

Ic = 50 mA; Vcg = 10 V fT > 60 MHz 


Collector-emitter saturation voltage 


Ic=1A; lp = 100 mA VCEsat < 1V 


MECHANICAL DATA \ 
Fig. 1 TO-39. 
Collector connected to case 


0,8 
yas Se 45° af 


Sa wali 127. 
max min 


Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 


Dimensions in mm 


f e108 
a5 max 


7259322.1 
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RATINGS (Limiting values) 1) 


Voltages 
Collector-base voltage (open emitter) VCBO max. 80 V 
Collector-emitter voltage (open base) VCEQ max 35 V 
Emitter -base voltage (open collector) VEBO max. 7 V 
Currents 
Collector current (d.c.) Ic max. 1 A 
Collector current (peak value) . ICM max. 1 A 
Emitter current (d.c.) | -Ip max. Ie 
Emitter current (peak value) -lem max. 1A 
Power dissipation (See also page 4) 
Total power dissipation up to Tamb = 40 °C Prot . max. 4 W 
Total power dissipation without cooling fin 3 
up-to T= 29°C Prot max. 0.8.W 

Temperatures 
Storage temperature T stg ~65 to +200 °C 
Junction temperature : ¥e Tj max. 200 °C 

= THERMAL RESISTANCE , 

= From junction to, ambient in free air Rthj-a = 0.22 °C/mW 
From junction to case Rth j-c = 0.035 °C/mW 


1) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 
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CHARACTERISTICS Tj = 25 °C unless otherwise specified 
Collector cut-off current 
In = 0; Vcp = 60 V IcBo < 10 nA 
In = 0; Vop = 60 V; Ty = 150 °C IcBo < 10 WA 
Emitter cut-off current 

Io = Q; VERB -5V IEBO < 10 nA 

Saturation voltages 
Io = 150 mA; Ip =15 mA VCEsat 0.2 V 

s » TEs 1,2 VCEsat < 1.0 V 

Ic = 1A; Ip = 100 mA sa 
C B y”) VeEsat < 1.6 V 

Sustaining voltage 
Ic = 30 mA; Ip=0 2) ~Verosus > 35 V 

D.C. current gain 2) 
Ic = 10 mA; VCE =10V er > 30 
lene 150 mA; Vor = 10 V HER 40 to 120 
lois Lay Vier = 10'v. her > 15 

Feedback time constant 
Iq = 10 mA; Vop = 10 V; f = 4 MHz TphiC, < 800 ps — 

Collector capacitance at f = 500 kHz — 
Ip =-Ie = 0; Veg =.10 V Cy < 12 pF 

Emitter capacitance at f = 500 kHz 
Io =I, = 03 Vag = 0.5 V Ce < 80 pF 

Transition frequency 
Iq = 50 mA; Vop = 10V fr > 60 MHz 

1) Measured with a lead length of 1 cm. 

2) Measured under pulsed conditions to avoid excessive dissipation. 
Pulse duration = 300 us; duty cycle 6 < 0.01 
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tt Heatsink material 2mm blackened aluminium 
++I Mounted with accessory 56216 (non insulated) +++ 
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BR101 


SILICON CONTROLLED SWITCH 


The BR101 is a planar p-n-p-n switch in a TO-72 metal envelope, intended for time base Circuits and 
other television applications. It is also suitable as trigger device for thyristors. [t is an integrated p-n-p/ 
n-p-n transistor pair of which all electrodes are accessible. The collector of the n-p-n transistor is con- 


nected to the case. 
QUICK REFERENCE DATA 


p-n-p transistor 
Emitter-base voltage (open collector) 


n-p-n transistor 
Collector-base voltage (open emitter) 
Repetitive peak emitter current (peak value) 


Total power dissipation up to Tamb = 25 OC 
Junction temperature 
Forward on-state voltage 

[a = 50 mA; lag = 0; RKg-K = 10 kQ 
Holding current 

IAG = 10 mA; —Vpp = 2 V; RKG-K = 10 kQ 


MECHANICAL DATA 
Fig. 1 TO-72. 


—VEBO Max. 50 V 


VCBO max.’ 50 V 
—lERM max. 2,5 A 


Prot max. 275 mW 
Tj max. 150 °C 


VAK < 1,4 V 
ly < 1,0 mA 


Dimensions in mm 


Collector of the n-p-n transistor (ag = anode gate) connected to the case 


Accessories: 56246 (distance disc). 


Yost 
48 4max 
max 


no 12,7 min ——— | 7260778. 
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BRIO] | 


Voltages 
Collector-base voltage (open emitter) VcBO 
Collector-emitter voltage (RBE = 10 k&) VCER 
Collector-emitter voltage (open base) VCEO 
Emitter-base voltage (open collector) VEBO 
Currents 
Emitter current (d.c.) — Ip 
Repetitive peak emitter current 

tp = 10 ys; 6 = 0,01 IERM 
Collector current (d.c.) Ic 
Collector current (peak value) ICM 


7? 


Power dissipation 


Total power dissipation up to Tamb = 25 °C Prot max. 275 mW 
Temperatures | 
Storage temperature T stg -65 to +200 °C 
Operating junction temperature Tj - max. 150 °C 
THERMAL RESISTANCE 

_ From junction to ambient Rthj-a = 0,45 °C/mW 


1) Exceeding of this voltage is allowed during the discharge of a capacitor of max. 390 pF, 
provided the charge does not exceed 50nC. 
2) Provided the Ig rating will not be exceeded. 


2 August 1972 


BRIO] 


MEANING OF SYMBOLS , used in the schematic presentation of the S.C.S. 


2 transistors equivalent circuit 


-n-p-n S.C.S. equivalent circuit 
n-p-n transistor + p-n-p transistor | at Es 


a (anode) 
e2 
PNP transistor ag (anode gate) 
(c,, bo) 

kg (cathode gate) NPN transistor 

: (by, co) 
k (cathode) ey Se 
(e;) 7261150 
S5.C.S. symbol 
= 
7261379 41 ; 
CHARACTERISTICS . Tj = 25 °C unless otherwise specified 


Individual N-P-N transistor 

Collector cut-off current 
Vor = 50 V; Rpg = 10kQ IcER < 0,5 WA 
VcE = 50 V; Rpg = 10 kQ; T; = 150 °C IopR < 50 pA 


r 
| Emitter cut-off current 


Ic = 0; Veg = 5 V; Tj = 150 °C IpgBO .< 50 pA 


August 1972 ~ 3 
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CHARACTERISTICS (continued) Tj = 25 °C unless otherwise specified 
Individual N-P-N transistor 
Saturation voltages 


Ic = 10 mA; IRp=1mA VCEsat < 500 mV 


VBEsat < 900 mV 
D.C. current gain . 

Ic = 10 mA; VogR =2V heE > 30 
Transition frequency 

Ic = 10 mA; VCE =2V fr typ. 300 MHz 
Collector capacitance 

In = Ie = 0; Vop=20V . Ce < fs) pF 
Emitter capacitance 


Ic =1, = 0; Vep=lv an < 25. pF 


Individual P-N-P transistor 
Collector cut-off current 


Ip = 0; -Voap = 50 V; Ty = 150 °C -Icp90—Cés« 50 pA 


J 
Emitter cut-off current 

Ic = 0; -Vgp = 50 V; Tj = 150 °C ~IFBO < 50 «=A 
D.C. current gain 


In = 1 mA; Vop = 0 hE 0,25 to 2,5 


Combined device 


Forward on-state voltage at RKG-K =10 kQ 
I, = 50 mA; I~g = 0 VAK < 1,4 Vv 


Ia = 1mA;I4g=10mA VAK < 1,2 V 
Holding current at RkG-K = 10 kQ 
IAG = 10 mA; -Vpp =2V Ty < 1,0 mA 


4 ; December 1972 


PROGRAMMABLE UNIJUNCTION TRANSISTOR 


The BRY339 is a planar p-n-p-n trigger device in a TO-72 metal envelope, intended for use in switching 
applications such as motor control, oscillators, relay replacement, timers, pulse shaper etc. 


QUICK REFERENCE DATA 


Gate-anode voltage | VGA max. 70 V 
Anode current (d.c.) up to Tease = 85 PC lA max. 250 mA 
Operating junction temperature Tj max. 150 °C 
Peak point current 

Vs = 10 V; Rg = 10 kQ Ip < 5 wA 
Valley point current 

Vs = 10 V; Rg = 10 kQ ly > 25 wA 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-72. 


Anode gate (ag) connected to case 


_Y 0,51 
‘48 4max 


Leila 12,7 min ——®| 7260778. 


Accessories: 56246 (distance disc). 
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BRY39 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Gate-anode voltage VGA max. 70 V 
Anode current (d.c.) up to Tamb = 25 OC lA max. 175 mA 
Anode current (d.c.) up to Tease = 85 OC lA max. 250 mA 
Repetitive peak anode current 

t= 10 ys; 6 = 0,01 IARM max. 2,5 A 
Non-repetitive peak anode current 

t= 10 us; Tj = 150 OC lIASM max. 3 A 
Rate of rise of anode current dip 

up tol~a=2,5A max. 20 A/us 
Storage temperature | T stg —65 to + 200 °C 
Operating junction temperature Tj max. 150 °C 


THERMAL RESISTANCE 


From junction to ambient in free air Rthj-a = 450 K/W 
From junction to case | Rthj-c = 150 K/W 
EXPLANATION OF SYMBOLS 


For application of the BRY39 asa programmable unijunction transistor only the anode gate is used. 
To simplify the symbols the term gate instead of anode gate will be used. 


anode 
anode 4 
oa] a 
— 9 
aa ag 
anode gate gate 
kg 
cathode gate 
k k 
cathode 7260690.2 cathode 7262253 
nie Fig. 3. 
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Programmable unijunction transistor BRY39 


CHARACTERISTICS 


Tamb = 25 °C 
Peak point current 
Vg =10V; Rg = 10 kQ Ip < 5 pA 
Vg =10V; Rg =1MQ Ip < 1 pA 
Valley point current 
Vs = 10 V; Rg = 10 kQ ly > 25 yA 
Vs=10V; Rg =1 MQ ly < 50 yA 
+ 40V 


BZY88 
C8V2 


+ 
100pF == 
BY 20 
5x 
4 
~ 72612031 _eneen 
7 fee ee S| 
Fig. 4 Practical test circuit: 
1. Remove BCY71 during measurement of Ip. 
2. Value of R1 depends on the voltage range of voltmeter. 
+Vp 
R2 Ip 
ees ad R= RiR2 
TUT. I Po RFR? 
+ 
Vak TULT. R 
Ri Fan Eee 
| = Ry +R2 Ve 
7 7Z61194 
Fig. 5 BRY39! with “program” Fig. 6 Equivalent test circuit 
resistors R1 and R2. for characteristics testing. 
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BRY39 


Gate-anode leakage current (see Fig. 7) 


~ IK =0; Ve6a=70V | IGAOo < 10 nA 
Gate-cathode leakage current (see Fig. 8) 
VAK =9; VGK = 70 V Ig6ks < 100 nA 


Offset voltage (see Figs 9 and 16) 
Voffset = Vp — Vs (la = 0) 


7261195 


Teno] 


7261192 


Fig. 7. 


7261191 


Fig. 8. 


Anode voltage 


Ia = 100 mA VA < 1,4 V 
Peak output voltage (see Figs 10 and 11) 
VAA = 20 V; C=0,2 pF | VomM > 6 V 
Rise time (see Figs 10 and 11) 
VAA = 20 V; C= 10 nF tr < 80 ns 
VAA 
O) 


7Z61196 


72611931 
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BRY39 


10 7Z61201 


A eG HS es ‘typical. vollies as 
Ben eae eee amb= m i = 
EEE Hee war | 


SS SS SES Cy es cry Oo, 9 Eee Ge eS 


Baal 
Billi 


70 50 Tamb(°C) 100 


Fig. 12. Fig. 13. 
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BRY39 


7261200 


| [typical values 
Vs=10V 


Fig. 16. 


7261202 
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BRY39 


SILICON CONTROLLED SWITCH 


The BRY339 is a planar p-n-p-n switch in a TO-72 metal envelope, intended for switching applications. 
It is an integrated p-n-p/n-p-n transistor pair, with all electrodes accessible. 


QUICK REFERENCE DATA 


p-n-p transistor 
Emitter-base voltage (open collector) —VeERO max. 70 V 


n-p-n transistor 


Collector-base voltage (open emitter) VcBo max. 70 V 
Repetitive peak emitter current —l—ERM max. 2,5 A 
Total power dissipation up to Tamb = 25 9C Prot max. 275 mW 
Operating junction temperature Tj max. 150 °C 
Forward on-state voltage 

Ia = 50 mA; lag = 0; Rkg-K = 10 kQ VAK < 1,4 V 
Holding current 

lIAG = 10 mA; —Vep = 2 V; RKg-K = 10 kQ ly < 1,0 mA 
Turn-on time ton < 0,25 us 
Turn-off time tg < 5,0 us 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-72. 


Collector of the n-p-n transistor (ag = anode gate) connected to the case 


Vos 
4,8 jmax 
max 
: 


parla 42,7 min ——+|! 7260778. 


Accessories: 56246 (distance disc). 
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BRY39 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) VcBO 
Collector-emitter voltage (Raf = 10 kX2) VCER 
Collector-emitter voltage (open base) VCEO 
Emitter-base voltage (open collector) VEBO 
Collector current (d.c.) * Ie 
Collector current (peak value) ** ICM 
Emitter current (d.c.) IE 
Repetitive peak emitter current lERM 
Total power dissipation up to Tampb = 25 OC Prot 
Storage temperature | T stg 
Operating junction temperature Tj 


THERMAL RESISTANCE 


From junction to ambient in free air Rth j-a 


* 


Provided the Ig rating is not exceeded. 


max. 
max. 
max. 
max. 
max. 
max. 
max. 
max. 


max. 


150 oC 


450 K/W 


** During switching on, the device can withstand the discharge of a capacitor of maximum value of 
500 pF. This capacitor is charged when the transistor is in cut-off condition, with a collector 


supply voltage of 160 V and a series resistance of 100 kQ. 
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Silicon controlled switch BRY39 


SYMBOLS AND EQUIVALENT CIRCUIT 


a (anode) 
(e2) 
e2 
PNP transistor ag (anode gate) 
(c,, bo) 
e Ci bs 
: bys Co 0) 
kg (cathode gate) NPN transistor 
k (cathode) ey Sreuine 
(e;) 7261150 
Fig. 2 Two transistor equivalent circuit. Fig. 3 P-N-P-N silicon controlled switch 
structure. 
7261379 1 
Fig. 4 Silicon controlled switch symbol. 

CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 
Individual n-p-n transistor 
Collector cut-off current 

Vege = 70 V; Reg = 10 kQ ICER < 100 nA 

Vce = 70 V; Ree = 10 kQ2; Tj = 150 °C ICER < 10 vA 
Emitter cut-off current 

Ic = 0; Vep =5 V; Tj = 150 °C lEBO < 10 pA 


Saturation voltages 


Ic =10 mA; lp =1mA VCEsat : 500 mV 


D.C. current gain 

Ic = 10 MA; VcE=z2V hee > 50 
Transition frequency 

Ic = 10 mA; Vce=2V : fT typ. 300 MHz 


October 1979 


x, 
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BRY39 


Collector capacitance — 
le = 1, =0; Veg =20V 
Emitter capacitance 
Ic=lo=0;Vep=ziV 


Individual p-n-p transistor 
Collector cut-off current — 

Ip =0;—-Vce = 70 V; Tj= 150 °C 
Emitter cut-off current 

lig = 0;—-Vep = 70 V; Tj = 150 °C 
D.C. current gain 

le =1mA; Vcp=0 


Combined device . 


Forward on-state voltage at Rkg.K = 10 kX 


la = 50 mA; lag =0 
[a = 50 mA; lag = 0; Tj = —55 OC 
lA= 1 mA; lag =10mA 


Holding current at Rxg.K = 10 kQ (see Fig. 5) 


lag = 10 mA; —Vpp = 2 V 


October 1979 


Co < 5 pF 
Ce < 25 pF 
—IcFOo < 10 vA 
—lERBO < 10 uA 


hre —0,25 to 2,5 


VAK < 1,4 V 
VAK < 19 V 
VAK < 1,2 V 
IH < 1,0 mA 


7Z64477 


Fig. 5. 


Silicon controlled switch BRY39 


Switching times (see Figs 6 to 11) 


Turn-on time when switched from 
—VKG-K =9,5 V to+ VKG-K =4,5 V 
RKG-K = 1kQ ton < 0,25 us 


RKG-K = 10 kQ ton < 1,50 us 


time 


7Z62994 


Fig. 6. 


time 


le ton >| 7Z62996 


Fig. 7 Pulse duration increased until 
dashed curve disappears. 


Turn-off time (see also Figs 8 and 9) 


RKG-K = 1kQ tg < 5 us 
RKG-K = 10 kQ tg < 8 us 
RKG-K = 10 kQ; Tj = 125 OC tg < 15 us 
+12V.0 0 +50V 
1kKO. 16k. 
Vak time 
mercury O 
wetted 
contact 
f 7262993 
7262995 
Fig. 8. Fig. 9 Capacitance increased until at C = Copt 


dashed curve disappears. 
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BRY39 
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Silicon controlled switch BRY39 


7262992 
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BRY39 


7262984 7262990 
CSR es ear a a 
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PET TT] ee nos 0¢ 


typical values 


-Vpp=0 to 5V_{PI 
RKG-K = 10k@f 


COT ve 
SeSee0 in 


0 100 200 300 0 25 50 75 
VaG-K (mV) Tac (mA) 
Fig. 16. Fig. 17. 
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IaG=omA 
Tamb=25 °C 
typical values 


—Vpp=0 to 5V 
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Silicon controlled switch BRY39. 


7262982 7262987 
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BRY39 


THYRISTOR TETRODE 


The BRY339 is a planar p-n-p-n trigger device in a TO-72 metal envelope, intended for use in low-power 
switching applications such as relay and lamp drivers, sensing network for temperature and as a trigger 
device for thyristors and triacs. 


QUICK REFERENCE DATA 


Repetitive peak voltages VpRM=VRRM max. 70 V 
Average on-state current IT(AV) max. 250 mA 
Non-repetitive peak on-state current ITSM max. 3 .A 
MECHANICAL DATA Dimensions in mm 


Fig.1 TO—72; Anode gate connected to case. 


V 0,51 
48 max 
max : 
\ 
ee 12,7 min ———®! 7260778.1 
anode 
a 
ag 
anode gate 
kg 
cathode gate 
k 
cathode 7260690. 2 


Accessories supplied on request: 56246 (distance disc). 
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BRY39 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Anode to cathode 


Non-repetitive peak voltages Vosm= VRSM max. 70 V* 
Repetitive peak voltages VoRM=VRRM max. 70 V* 
Continuous voltages Vp =VR max. 70 V* 
Average on-state current up to Tcase = 85 PC IT(AV) max. 250 mA 

in free air up to Tamb = 25 OC IT(AV) max. 175 mA 
Repetitive peak on-state current 

t= 10 us; 5 = 0.01 IT RM max. 2,5 A 
Non-repetitive peak on-state current 

t= 10 us; Tj = 150 °C prior to surge ITSM ° max. 3 A 
Rate of rise of on-state current after diy 

triggering to ly =2.5A AE max. 20 A/us 
Cathode gate to cathode 
Peak reverse voltage VRGKM max. 5 V 
Peak forward current IFGKM max. 100 mA 
Anode gate to anode 
Peak reverse voltage VRGAM max. 70 V 
Peak forward current lFGAM max. 100 mA 

Temperatures 
Storage temperature T stg —65 to+200 °C 
Operating junction temperature Tj max. 150 OC 
a THERMAL RESISTANCE 
a From junction to ambient in free air Rth j-a = 450 K/W 

From junction to case Rth j-c = 150 K/W 


*These ratings apply for zero or negative bias on the cathode gate with respect to the cathode, and 
when a resistor R < 10 kQ is connected between cathode gate and cathode. 
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Thyristor tetrode 


CHARACTERISTICS 
Anode to cathode 
On-state voltage 

IT = 100 mA; Tj = 25 °C 


Rate of rise of off-state voltage 
that will not trigger any device 


Reverse current 
VpR=70 V; Tj = 25°C 
Te 150 °C 
Off-state current 
Vp = 70 V;7j = 25 OC 
Tj = 150 9C 


Holding current 
RGK = 10 kQ; Rea = 220 k&2; Tj = 25 OC 


Cathode gate to cathode 

Voltage that will trigger all devices 
Vp =6V; Tj] = 25 °C 

Current that will trigger all devices 
Vp = 6 V; Tj] = 25°C 

Anode gate to anode 

Voltage that will trigger all devices 
Vp =6V; Tj = 25°C 


Current that will trigger all devices 
Vp =6 V; RGK = 10 kQ; Tj = 25 OC 


—VGAT 


—IGAT 


*Measured under pulse conditions to avoid excessive dissipation. 
**The dVp/dt is unlimited when the anode gate lead is returned to the supply voltage through a 


current limiting resistor. 


BRY39 


1.4 V* 


100 ywA 
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Switching characteristics 


Gate-controlled turn-on time (tg, = tg + tr) 
when switched from Vp = 15 V 
to ly = 150 mA; IgK = 5 uA; 
digK/dt = 5 wA/us; Tj = 25 OC tgt << 300s ns 


Circuit-commutated turn-off time 
when switched from I7 = 150 mA 
to Vp = 15 V; —dl7/dt = 3 A/us; 
dV p/dt = 70 V/us; Vp = 15 V tg -< 3 ous 


I; 


reapplied Voy . 


Vp 


72725391 


| Fig.3 Circuit-commutated turn-off time 
en definition. 

Fig.2 Gate-controlled turn-on time 

definition. 
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Thyristor tetrode BRY39 
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BRY39 
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Thyristor tetrode 


APPLICATION INFORMATION 
Sensing network 


sensor 


08534 
(7260925) 
-12V 
Fig.8 


Rg must be chosen in accordance with the light, temperature, or radiation intensity to be sensed; its 
resistance should be of the same order as that of the potentiometer. 

In the arrangement shown, a decline in resistance of Rg triggers the thyristor, closing the relay that 
activates the warning system. If the positions of Rg and the potentiometer are interchanged, an increase 
in the resistance of Rg triggers the thyristor. 
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BRY56 


PROGRAMMABLE UNIJUNCTION TRANSISTOR 


Silicon planar p-n-p-n trigger device in a plastic TO-92 variant, intended for use in switching appli- 
cations such as motor control, oscillators, relay replacement, timers, pulse shaper etc. 


QUICK REFERENCE DATA 


Gate-anode voltage VGA max. 70 V 
Anode current (average) IA(AV) max. 175 mA 
Total power dissipation up to Tampb = 75 OC Prot max. 300 mW 
Junction temperature Tj max. 150 °C 
Peak point current 

Vg =10V; Rg = 10 kQ | Ip < 5 vA 
Valley point current 

Vs = 10 V; Rg = 10 kQ ly > 50 vA 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 


anode 
2 


1 
(anode) gate 


TH 


3 4 0,40 
cathode 72654104 


7270994 1 


diameter within 2,5 max 
is uncontrolled al 
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BRY56 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Gate-anode voltage VGK . max. 70 V 
Anode current (average) lIA(AV) max. 175 mA 
Repetitive peak anode current 

ty = 10 ps; 6 = 0,01 IARM max. 25A 
Non-repetitive peak anode current 

tp = 10 us ' lASM max. 3,0 A 
Rate of rise of anode current dia 

up to [jn =2,5A aa max. 20 A/us 
Total power dissipation up to Tamb = 75 OC ; Prot ” max. 300 mW 
Storage temperature Tstg —65 to+ 150 °C 
Junction temperature Tj max. 150 °C 


THERMAL RESISTANCE 
From junction to ambient in free air Rthj-a = 250 K/W 


7282611 


eee ae eae 
adit desde ated Wedel Mes 
EP eed i oliets apo Nek 
Pedal pee age ee JO EN 
Pe cele eae Me tied deals Ns Nl 
7 Shee eee eee 


0 50 100 150 
Tamb (°C) 


Fig. 2 Maximum permissible power dissipation 
as a function of ambient temperature. 
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Programmable unijunction transistor 


CHARACTERISTICS 


Tamb om 25 OC 
Peak point current (see Fig. 10) 
Vs = 10V; Rg = 10 kQ Ip < 5 pA 
Vs = 10 V; Rg = 100 kQ Ip < 2 vA 
Valley point current (see Fig. 10) 
Vs = 10 V; Rg = 10 kQ ly > 50 wA 
Vs = 10 V; Rg = 100 kQ ly > 5 wA 
+40V O 


BZY 88 - 5kQ 
“Or 


7282612 


Fig. 3 Measuring circuit for Ip and ly by means of value of R1. R1 = ~ (that is maximum voltage 


drop over R1 is 1 V). Internal resistance of oscilloscope is 10 MQ. 


+Vp5 
Ta 
R2 > r= Ri-Re 
as 
Ri+R 
TUT. I eee 
+ 
Vak TU.T. Ry 
R1 | Vs = R, +Ro ‘Vp 
7Z61194 
Fig. 4 BRY56 with “program” Fig. 5 Equivalent test circuit for 
resistors R1 and R2. characteristics testing. 
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BRY56 


Gate-anode leakage current (see Fig. 6) 


1k =0;VG6~a=70V IGAo < 10 nA 
Gate-cathode leakage current (see Fig. 7) 


VAK=9; VGK =70V I6ks < 100 nA 


7Z61192 7Z61191 


Fig. 6. Fig. 7. 
Anode-cathode voltage 
lA = 100 mA VAK < 14V 
Peak output voltage (see Figs 8 and 9) | 
VAA = 20 V; C= 10 nF VoM > 6 V 


Offset voltage (see Fig. 10) Voftset = Vp-Vs (Ia = 0) 
Rise time (see Fig. 9) 
VAA = 20 V; C= 10 nF tr < 80 ns 


VAA Vo 
0 7Z61196 


Fig. 9. 


7282610 


Fig. 10. 


Vs Vp VAK 
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BSR50 to 52 


N-P-N DARLINGTON TRANSISTORS 


Silicon planar transistors in plastic TO-92 envelopes, intended for industrial switching applications e.g. 
print hammer, solenoid, relay and lamp driving. 


P-N-P complements are the BSR60, BSR61 and BSR62. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VCBO _— max. V 
Collector-emitter voltage (see Fig. 5) VCER max. V 
Collector current (average) IC(AV) max. 1,0 A 
Total power dissipation up to Tamb = 25°C ~—- Pit max. 0,8 WwW 
Junction temperature Tj max. 150 oC 
Collector-emitter saturation voltage 
Ic = 0,5 A; Ip =0,5 mA VCEsat < 1,3 V 
D.C. current gain 
Ic = 150 mA; Vcg = 10 V hee > 1000 
Ic = 500 mA; Vcge = 10 V hee > 2000 
Turn-off time when switched from 
ICon = 500 mA; IBon = 0,5 mA to 
cut-off with —Ipofr = 0,5 MA toff < 1,5 Ms — 
MECHANICAL DATA Dimensions in mm = 
Fig. 1 TO-92 variant, for circuit diagram see Fig. 2. — 
2 
1 y 0,40 
| min 
7Z78162A 3 


7Z70994.1 


diameter within 2, smax | 
is uncontrolled 
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BSR50 to 52 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


BSR50 | BSR51 


Collector-base voltage (open emitter) VCBO max. V 
Collector-emitter voltage (see Fig. 5) VCcER max. V 
Emitter-base voltage (open collector) VEBO max. V 
Collector current (average) IC(AV) max. 1,0 A 
Collector current (peak value) ICM max. 2,0 A 
Base current (d.c.) Ip max. 0,1 A 
Total power dissipation | 

up to Tamb = 25 PC Prot max. 0,8 W 

Up to Tamb = 25 OC * Prot max. | 1,0 W 
Storage temperature T stg —65 to + 150 o¢ 
Junction temperature ** Tj max. 150 oC 


THERMAL RESISTANCE ** ,; 
From junction to ambient in free air Rthj-a = 156 K/W 


7264481.1A 


Fig. 2 Circuit diagram. 


* Transistor mounted on printed-circuit board, maximum lead length 3 mm, mounting pad for 


collector lead minimum 10 mm x 10 mm. , 
** Based on maximum average junction temperature in line with common industrial practice. The 
resulting higher junction temperature of the output transistor part is taken into account. 
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N-P-N Darlington transistors 


CHARACTERISTICS 
Tj = 25 OC 
Collector cut-off voltage 
le =0; Vcp = 45 V 
le =0; Vcp = 60 V 
l— = 0; Veg = 80 V 
Emitter cut-off current 
Ic =0;Vep=4V 
Saturation voltages 
Ic =0,5 A; 1p =0,5 mA 


Ic = 1,0 A; lg = 1,0 mA 


Ic = 1,0 A; lp =4,0 mA 
D.C. current gain 

Ic = 150 mA; Veg = 10 V 

Ic = 500 mA; Vcge = 10 V 


Small-signal current gain at f = 35 MHz 
Ic = 500 mA; Vee =5V 


Switching times see page 4. 


BSR50 
BSR51 
BSR52 


BSR51 


BSR50; BSR52 


ICBO 
ICBO 
ICBO 


IEBO 


VCEsat 
V BEsat 


VCEsat 
VBEsat 


VCEsat 
VBEsat 


hFE 
NFE 


hfe 


BSR5O to 52 


a 50 
< 50 
< 50 
< 50 
< 1,3 
< 1,9 
< 1,6 
< 2,2 
< 1,6 
< 2,2 
> 1000 
> 2000 
typ. 10 


nA 
nA 


<< << << 


October 1979 


BSR50 to 52 


Switching times (see Figs 3 and 4) 
Turn-on time 


Turn-off time 


: 1 Fr 
Ss 
wees o— 
+38V 
leon =500MA 


Tbon = Bore = 0,5mA 


Fig. 3 Test circuit for 500 mA switching. 
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Fig. 4 Switching waveforms. 
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Fig. 6 Maximum permissible power dissipation as a function of ambient temperature. 
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BSR50 to 52 


BSRSO to 52 
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BSR60 to 62 


P-N-P DARLINGTON TRANSISTORS 


Silicon planar transistors in plastic TO-92 envelopes, intended for industrial applications e.g. print 
hammer, solenoid, relay and lamp driving. — 


N-P-N complements are the BSR50, BSR51 and BSR52. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) —VcBO max. V 
Collector-emitter voltage (see Fig. 6) —VCER max. V 
Collector current (average) —Ic(Av) max. A 
Total power dissipation 
up to Tamb = 25 OC Prot max. W 
Junction temperature Tj max. oC 
Collector-emitter saturation voltage 
—lc =0,5 A; —Ip = 0,5 mA —VCEsat < V 
D.C. current gain —_—_~-— 
—Ic = 150 mA; —Vcg = 10 V hee > 1000 
—Ic = 500 mA; —Vcg = 10 V hee > 2000 
Turn-off time when switched from 
to cut-off with + Ipor¢ = 0,5 mA toff < 1,5 US — 
MECHANICAL DATA Dimensions in mm —e 
Fig. 1 TO-92 variant, for circuit diagram see Fig. 2. 
2 
y 0,40 
1 4 min 
7Z7B1B1A 3 
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diameter within 2,5 max 
is uncontrolled 
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BSR60 to 62 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) —-VcBO max. 
Collector-emitter voltage (see Fig. 6) —VCER max. 
Emitter-base voltage (open collector) —-VEBO max. 
Collector current (average) —Ic(Ay) max. 
Collector current (peak value) —Icm max. 
Base current (d.c.) —lp max. 
Total power dissipation 
up to Tamb = 25 OC Prot max. 
Up to Tamb = 25 OC * Prot max. 
Storage temperature T stg 
Junction temperature ** Tj max. 


THERMAL RESISTANCE ** 
From junction to ambient in free air Rth j-a 


7Z72904A 


Fig. 2 Circuit diagram. 


% - 


collector lead minimum 10 mm x 10 mm. 


0,8 
1,0 
—65 to + 150 
150 


156 


Transistor mounted on printed-circuit board, maximum lead length 3 mm, mounting pad for 


K/W 


** Based on maximum average junction temperature in line with common industrial practice. The re- 


sulting higher junction temperature of the output transistor part is taken into account. 
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P-N-P Darlington transistors BSR6O to 62 


CHARACTERISTICS 


Tj = 25 °C 
Collector cut-off current 
le =0;-Vep =45V BSR60 —IcBo < 50 nA 
le = 0; -Vcp = 60 V BSR61 —IcBo < 50 nA 
l— = 0; -Vop = 80 V BSR62 —IcBo < 50 nA 
Emitter cut-off current 
Ic =0;-Vep=4V —lEBO < 50 nA 
Saturation voltages 
_ 1 
—I¢ =0,5 A;—Ip = 0,5 mA BSR60; BSR61 By oat : He : 
Sa ' 
— 1 
—I¢ = 0,5 A; —-Ip =0,5 mA BSR62 ae 2 a : 
Sa ’ 
—Ic = 1,0 A;—!p = 1,0mA BSR61 tah 5 Re 
Sa ’ 
— 1 
~—I¢ = 1,0 A;—Ip = 4,0 mA BSR60 BYicoat S ce ¥ 
Sa , 
— 1 
—Ic = 1,0 A;—Ip = 4,0 mA BSR62 yer uae 
Sa r 
D.C. current gain 
—Ilc¢ = 150 mA; —Vcg = 10 V hee > 1000 
—lc = 500 mA; —Vcg = 10 V hee > 2000 
Small-signal current gain at f = 35 MHz 
—lc = 500 mA; —Vcre =5V hfe typ. 10 


Switching times see page 4. 
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BSR60 to 62 


Switching times (see Figs 3 and 4) 
Turn-on time 


Turn-off time 


1 uF 


—38V 
6us hee 


—leon = 500 mA 
—|Bon = ! Bott = 0,5 mA 


OUTPUT 


<— 


10% 


Fig. 4 Switching waveforms. 
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BSR6O to 62 
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Fig. 6 Maximum permissible power dissipation as a function of ambient temperature. 
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Fig. 7 Tj = 25 OC. 
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BSS38 


SILICON PLANAR EPITAXIAL TRANSISTOR 


N-P-N transistor in a plastic TO-92 variant. It is primarily intended for general purpose switching and 
as driver for numerical indicator tubes. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcBo max. 120 V 
Collector-emitter voltage (open base) VCEO max. 100 V 
Collector current (peak value) lcm max. 250 mA 
Total power dissipation up to Tamp = 25 °C Prot max. 500 mW 
Junction temperature Tj max. 150 °C 
D.C. current gain 

Ic=4mA;VcE=za1V = an a 
Transition frequency at f = 35 MHz | 

Ic =4 mA; Vcg = 10 V : fr > 60 MHz 
Turn-off time | 

ICon = 15 MA; IBon = 1 MA; —IBofe = 1 MA toff < - Tus 
Note 


The BSS38 may be operated in the breakdown region up to Vcg = 160 V, provided Po at 
Tamb = 85 °C does not exceed 100 mW. 


MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-92 variant. | 


3 
y 0,40 


A min 
7Z67145 
1 


7270994.1 


diameter within 2,5max 
is uncontrolled = 
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BSS38 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Collector-base voltage (open emitter) VcBO max. 120 V* 
Collector-emitter voltage (open base) . VCEO max. 100 V* 
Emitter-base voltage (open collector) _VEBO max. 5 V 
Collector current (d.c. or averaged 

over any 20 ms period) ; IC(AV) max. 100 mA 
Collector current (peak value) Icom max. 250 mA 
Total power dissipation up to Tamb = 25 OC Prot max. 500 mW 
Storage temperature Tstg —65 to+ 150 °C 
Junction temperature Tj max. 150 °C 


THERMAL RESISTANCE 
From junction to ambient in free air Rthj-a = 0,25 °C/mW 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 
Collector cut-off current 


le =0; Vcp =90V IcBo < 200 nA 
Ie = 0; Vcp = 90 V; Tj = 150 °C ICBO < 50 pA 
VBE = 0; Voce = 80 V; Tj = 85 OC ICES < 20 wA 
Emitter cut-off current 
lc =0;VeRp=4V | lEBO < 200 nA 
Ic = 0; Veg =4 V; Tj = 150 °C lEBO < 50 vA 
Saturation voltages 
a a VCEsat < 0,7 V 
lc= 4mA; Ip = 0,4 mA VBEsat < 1,2 V 
=a Ic = 50 mA; Ip = 15mA VCEsat < 3,0 V 
anaes D.C. current gain 
—_e Ic= 4mA;VcE=1V FE typ. 80 
Ic =10mA; VcpE=1V hee typ. 80 


* The BSS38 may be operated in the breakdown region up to Vcg = 160 V, provided Pio4 at 
Tamb = 85 °C does not exceed 100 mW. 
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Silicon planar epitaxial transistor BSS38 


CHARACTERISTICS (continued) 


Transition frequency at f = 35 MHz 
Ic =4 mA; Vce = 10 V fr: > 60 MHz 


Collector capacitance at f = 1 MHz 

le =1,=0; Veg =10V Ce < 4,5 pF 
Emitter capacitance at f = 1 MHz 

Ic =l.=0; Ven =0,5 V Ce < 17 pF 


Switching time 
Turn-off time when switched from 
ICon = 15 MA; IBon = 1 MA to cut-off with —IBoff= 1MA toff < 1 ps 


Test circuit for measuring turn-off time: 


Pulse generator: — 
Input voltage Ve =+10V — 
Pulse duration tp = 1 ys ae 
Duty factor 6 = 0,01 
Source impedance Zsg = 502 
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N-P-N DARLINGTON TRANSISTORS 


BSS50 to 52 


a= 
bs 


Silicon planar transistors in TO-39 metal envelopes, intended for industrial switching applications e.g. 


print hammer, solenoid, relay and lamp driving. 
P-N-P complements are the BSS60, BSS61 and BSS62. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcBo 


max. 
Collector-emitter voltage (see Fig. 4) VCER max. 
Collector current (d.c.) Ic max. 
Total power dissipation 
up to Tamb = 25 OC Prot max. 
up to Tease = 25 OC Prot max. 
Collector-emitter saturation voltage 
Ic = 1,0 A; Ip = 1,0 mA BSS51 VCEsat < 
Ic = 1,0 A; Ip = 4,0 mA BSS50; BSS52) VcgEsat << 
D.C. current gain 
lc = 500 mA; Vcg = 10 V hee > 
Turn-off time when switched from 
ICon = 500 mA; IBon = 0,5 mA to 
cut-off with —Ipor¢ = 0,5 mA toff typ. 
MECHANICAL DATA 
Fig. 1 TO-39. 
Collector connected to case 
~ max 
8,5 SS 
max 


min 


Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 


@ Products approved to CECC 50 004-073, available on request. 


a ——— 


LL 66 »|4 127 J 
max 


7259322 1 


1,0 A 

0,8 WwW 

5,0 W 

1,6 V 

1,6 V 
2000 

1,5 bs 


Dimensions in mm 


7Z64481 1 
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BSS5O to 52 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) VCBO  —max. 
Collector-emitter voltage (see Fig. 4) VCER max. 
Emitter-base voltage (open collector) . VEBO max. 
Collector current (d.c.) Ic max. 
Collector current (peak value) Icom max. 
Base current (d.c.) IB, max. 
Total power dissipation : 
uP tO Tamb = 25 OC Prot max. 
up to Tease = 25 PC Prot max. 
Storage temperature T stg 
Junction temperature * ; Tj max. 


THERMAL RESISTANCE * 
From junction to ambient in free air Rthj-a = 
From junction to case . Rth jc = 


BSS50 


80 
60 
5,0 


45 
5,0 
1,0 
2,0 
0,1 


0,8 
5,0 
—65 to + 200 
200 


220 
35 


80 
5,0 


K/W 


* Based on maximum average junction temperature in line with common industrial practice. The re- 


sulting higher junction temperature of the output transistor part is taken into account. 
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N-P-N Darlington transistors BSS50 to 52 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 


Collector cut-off current 


le =0; Veg = 45 V BSS50 ICBO < 50 nA 

le = 0; Veg = 60 V BSS51 ICBO < 50 nA 

le = 0; Vop = 80 V BSS52 ICBO < 50 nA 
Emitter cut-off current 

Ic = 0; Veg = 4,0 V lEBO < 50 .nA 
Base-emitter voltage 

Ic = 150 mA; Vcg = 10 V VBE 1,3 to 1,65 V 

Ic = 500 mA; VcgE= 10 V VBE 1,4 to 1,75 V 
Saturation voltages 

ic = 500 mA; Ig = 0,5 mA Veet S13 

Ic = 500 mA; Ip = 0,5 mA; Tj = 200 OC VCEsat < 13 V 

Ic = 1,0 A; 1g = 1,0 mA BSS51 ves > aS : 

Ic = 1,0 A; Ip = 1,0 mA; Tj = 200 OC BSS51 VCEsat < 2,3 V 

Ic = 1,0 A; Ip =4,0mA BSS50; BSS52 ee - o : 

Ic = 1,0 A; Ip = 4,0 mA; Tj = 200 °C BSS50; BSS52 VCEsat < 1,6 V 
D.C. current gain 

Ic = 150 mA; Veg = 10 V hee > 1000 

Ic = 500 mA; Vcge = 10 V hee > 2000 
Small-signal current gain at f = 35 MHz 

Ic = 500 mA; Vcge =5 V hfe typ. 10 
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BSS50 to 52 


Switching times (see Figs 2 and 3) 
ICon = 500 mA; IBon = —| Boss = 0,5 MA 


Turn-on time ton typ. 0,4 us 
Turn-off time totf typ. 1,5 us 
ICon = 1,0 A; IBon = —!Boff = 1,0 mA | 

Turn-on time ton typ. 0,4 ps 
Turn-off time toff _—ityp. 1,5 ps 


é 1 uF 
Us 
aes o-+ 
+38V 

Toon =200MmA 


Ibon= —Tgor¢ = 0,5mA 


71Z72065 2 


INPUT ; 


<—_——— 


OUTPUT 


rte 
Ww 


7Z72064 


Fig. 3 Switching waveforms. 
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N-P-N Darlington transistors BSS50 to 52 
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BSS50 to 52 
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P-N-P DARLINGTON TRANSISTORS 


BSS60 to 62 


Silicon planar transistors in TO-39 metal envelopes, intended for industrial switching applications e.g. 


print hammer, solenoid, relay and lamp driving. 
N-P-N complements are the BSS50, BSS51 and BSS52. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) —VcBO max. 
Collector-emitter voltage (see Fig. 4) —-VcCER . max. 
Collector current (d.c.) , le max 
Total power dissipation 
UP to Tamb = 25 OC Prot max. 
up to Tcase = 25 PC Prot max. 


Collector-emitter saturation voltage 
—Ic = 1,0 A; —Ip = 1,0mA BSS61 —VcEsat < 


—Ic=1,0A;—Ip=4,0mA —BSS60;BSS62 —VcEsat < 


D.C. current gain 
—Ic¢ = 500 mA; —Vcg = 10 V hee > 


Turn-off time when switched from 
to cut-off with —Ipo¢¢ = 0,5 MA toff typ. 


MECHANICAL DATA 
Fig. 1 TO-39. 
Collector connected to case 


aes sath ——" 9259322.1 


9564 
max 7272904 


Maximum lead diameter is guaranteed only for 12,7 mm 
Accessories: 56245 (distance disc). 
Products approved to CECC 50 004-074, available on request. 


<—4——. 
V 
V 
1,0 A 
0,8 WwW 
5,0 WwW 
1,6 V 
1,6 V 
2000 
1,5 Us 
Dimensions in mm 
e 
<—-—- 
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BSS60 to 62 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


BSS60 


Collector-base voltage (open emitter) —-VcBO max. 80 V 
Collector-emitter voltage (see Fig. 4) —-Vc—ER max. 45 60 80 V 
Emitter-base voltage (open collector) —-VEBO max. 5,0 5,0 50 V 
Collector current (d.c.) —Ic max. 1,0 A 
Collector current (peak value) —lcm max. 2,0 A 
Base current (d.c.) —Ip max. 0,1 A 
Total power dissipation 
uP tO Tamb = 25 OC Prot max. 0,8 W 
up to Tease = 25 OC Prot max. 5,0 
Storage temperature Tstg —65 to + 200 oC 
Junction temperature * Tj max. 200 oC 
THERMAL RESISTANCE * . 
From junction to ambient in free air Rth j-a = 220 K/W 
From junction to case Rth j-c = | 35 K/W 


* Based on maximum average junction temperature in line with common industrial practice. The re- 
sulting higher junction temperature of the output transistor part is taken into account. 
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P-N-P Darlington transistors BSS60 to 62 


CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 


Collector cut-off current 


Ie =0;—-Vop = 45 V BSS60 -Icp9 < 50 nA 
le =0; -Vcp =60V BSS61 —IcBo < 50 nA 
le = 0;-Vcp=80V BSS62 —IcBo < 50 nA 

Emitter cut-off current 
lc =0;—-Vep=4,0V —lEBO < 100 nA 

Saturation voltages 

—V < 1,3 V 

—Ic¢ = 500 mA; —Ig = 0,5 mA yee 2 9 V 

—lc = 500 mA; —Ip = 0,5 mA; Tj = 200 °C —VCEsat < 1,3 V 

—Ic¢ = 1,0 A;—Ip = 1,0 mA BSS61 Baas . ee 7 
—VBEsa ' 

—Ic¢ = 1,0 A; —Ig = 1,0 mA; T; = 200 °C BSS61 -VcEsat  < 1,6 V 

~I¢ = 1,0 A;—Ig = 4,0 mA . BSS60; BSS62 Bye 2 wen 
sa r 

—Ic¢ = 1,0 A; —Ig = 4,0 mA; T; = 200 °C BSS60;BSS62  —-Vcret < 1,6 V 

D.C. current gain 
—I¢ = 150 mA;—Vcg = 10 V hee > 1000 
—I¢ = 500 mA; —Vcg = 10 V hee > 2000 

Small-signal current gain at f = 35 MHz 
—Ic¢ = 500 mA; -VceE=5 V hfe typ. 10 
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BSS60 to 62 


Switching times (see Figs 2 and 3) 


Turn-on time 
Turn-off time 


Turn-on time 
Turn-off time 


—38V 


6us ee 


—lcon = 500 mA 


—lBon = !Bott = 9,5 mA 


INPUT 


OUTPUT 
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ton typ. 
toff typ. 
ton typ. 
loft typ. 
—10V 
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Fig. 3 Switching waveforms. 
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0,4 us 
1,5 ps 


0,4 ws 
1,5 us 


Fig. 4 

6 7267568 2 
Ge HH maximum total power dissipation versus temperature 
pale edie pee ape pan wee Weck SC es ete Wei Pec ey 
p AREER RANE 
tot || [3 et ae ee TSC Pes tet he ee se ee he le ee 
(WwW) LL RRR BES Ue hee AKRAM ee A RAN 
pe Na a ee ee Ie ee eh 
a Aes hae ee eee Rae 
BSR RR es VARESE SERA RARER 
4 BERESRaES. ERR SRA eA 
pe ee eS ING eee ea eee de Teil lg 
BRB ERRAB ev tes oe ses fele tes te eee ie gee eh ai A a td 
Rete EBEREEeR EAR RERRREEM ARAL 
L2ReERERER x RAR Skee e ee eee 
LEAR ERAS ReRREaS pe ea | 
Fs is FD OO | tt SR eRe 
Perec Wa: dees aEe pt ea a ed 
pee eee the ees apa | | te a 
ee espace te alla! VERee Pt TT te Ty 
etek | tt pt Tt et tt 
Bale ee Pou ate | | td BRR ARDERERLER 
Pte Pole be Si ERR MEEEEREEE 
Pek Sesheyiod Sete ie Ca ee ee 
eae Sees heee eA Ree AeA 
at BK 
Ses Be eee GRR ERE REPRE 
CEE ics BN 08 Gl 
pS ee Te aie es EINE i St Meee 
Hl Ol le Gs dS i a i PS 
, eee oe ae ae eee Me mw EE 


ae 
=) 
° 
O 
—_ 
r=) 
°o 


200 Tr (°C) 300 


October 1979 


TTT 


BSS60 to 62 


a4 
- 
GN 
wo 
ro) 
“ 
~ 
N 
~ 


nea eae 
ATI T IAT 
SeeER? 2a 


a 
Fe i i 
Pe edi 
a 
lO 


a ee = 


LS 


10-1 


1 


Fy, 


HUTT TTT ETT 


EN 


10-2 


OA eT 
HUTT tT ETT 


CCE EEN NIE 


Fig. 6 Thermal impedance as a function of pulse duration. 


10-3 


2522 el oe ee eee SRR et en i OO eee eee 
S000 68) Bae i Ge 1 ee eee eee 
Titty a ah A 


TIS 
AE ISHN Sits eT 


\ 

\ 
MUTE TWAT ETE RAIN 
© Pa) fe) N oO 


APC Cit ae ee eae 
f) 


CASAL tT TT 


Pg 


ae. SP. SEF de) ae ee 


Eafe 


oa 
| | 
|_| 
XK 
IN 
cee 
flee 
am 
Be 
ik 


IN 


oO 
— 


Fig. 8. 


October 1979 - 


P-N-P Darlington transistors 
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HIGH-VOLTAGE P-N-P TRANSISTOR 


Silicon planar epitaxial transistor in a plastic TO-92 variant. It is intended for anode switching in 
dynamically driven numerical indicator tubes and as general purpose switching device. 


QUICK REFERENCE DATA 


Collector-emitter voltage (Rgg = 10 kQ) —VCER max. 110 V 


Collector-emitter voltage (open base) —VCEQ max. 100 V 
Collector current (d.c.) —I¢c max. 100 mA 
Total power dissipation up to Tamb = 25 PC Prot max. 500 mW 
Junction temperature Tj max. 150 °C 
D.C. current gain at Tj = 25 9C 

—Ic=25 mA; —-VcE=5V hFE > 30 
Transition frequency at f = 35 MHz 

—Iq=25mA;—VceE=5V fT a 50 MHz 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 


N 


TZ67146 
1 


7270994 1 


diameter within 2,5 max 
is uncontrolled mak 
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BSS68 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages 

Collector-base voltage (open emitter) 
Collector-emitter voltage (Rpp = 10 k82) 
Collector-emitter voltage (open base) 


Emitter-base voltage (open collector) 


Current 


Collector current (d.c.) 


Power dissipation 


Total power dissipation up to Tampb = 25 °C 


Temperatures 


Storage temperature 


Junction temperature 


THERMAL RESISTANCE 


From junction to ambient in free air 


CHARACTERISTICS 


Collector cut-off current 


5S 70°C 


Ig = 0; -Vog = 100 V; T; 


Saturation voltages 


-I¢ =25 mA; -Ip =2,5 mA 


D.C. current gain 


-Ic = 10 mA; -VoR=5SV 
-Ic =25 mA; -VcR=5V 


Collector capacitance at f = 1 MHz 


Iz =I, = 0; -Vop = 10V 


Transition frequency at f = 35 MHz 


-Ic =25 mA; -VoR =5V 


T.= 


J 


-VCBO 
-VCER 
-VCEO 
-VEBO 


Reh jra 


-IcBO 


-VcEsat 
-V BEsat 


FE 
hFE 


Coc 


ft 


max. 110 
max. 110 
max. 100 
max. 6 
max. 100 
max. 500 
-~65 to +150 
max. 150 

0,25 


< 10 
< 250 
< 900 
> 30 

30 
< 5 
> 50 


<<a << 


mW 


os Gs 
oC 


°C /mW 


25 °C unless otherwise specified 


pA 


mV 
mV 


pF 


MHz 
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BSV15. to 17 


e_ 
SILICON PLANAR EPITAXIAL TRANSISTORS =. 


P-N-P transistors in TO-39 metal envelopes with the collector connected to the case. These transistors 
are intended for general industrial applications. 


/ 


QUICK REFERENCE DATA 


BSV15 | BSV16 | BSV17 


Collector-emitter voltage (open base) —VCEQ max. 40 60 80 V 
Collector current (d.c.) —Ie max. 1,0 A 
Total power dissipation 
up to Tamb = 25 °C Prot max. 0,8 Ww 
up to Tcase = 25 PC Prot max. 5,0 W 
Junction temperature Tj max. 200 oC 


Transition frequency at f = 20 MHz 
—Ic = 50 mA; —VcgE= 10 V fr > 50 MHz 
BSV 15—6 | BSV15—10 |} BSV15—16 
BSV16—6 | BSV16—10 | BSV16—16 
BSV17—6 | BSV17—10 


D.C. current gain 


—Ic = 100 mA; —VcE=1V hee 40—100 100—250 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. —_ 
Collector connected to case — 
, | v 
8,5 — 
max 
1 a 
/ 66 - ae Pm 7259322. 
Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 ‘distance disc). 
© Products approved to CECC 50 002-131, available on request. —_— 
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BSV15 to 17 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134) 


Voltages BSV15 | BSV16;} BSV17 
Collector-emitter voltage (open base) -VCEO 

Collector-emitter voltage (Vpp = 0) -VCES 

Emitter-base voltage (open collector) -VEBO 

Currents 

Collector current (d.c. ) -Io max. 1.0 A 
Base current (d.c.) -Ip max. 200 mA 


Power dissipation 


Total power dissipation up to Tamp = 25°C Prot max. 0.8 WwW 

up to Tease = 25°C ~~ Prot max. 5.0 W 

up to Tmp = 50°C Prot max. 5.0 Ww 
Temperatures 
Storage temperature T stg -65 to +200 °C 
Junction temperature Tj max. 200 °C 
THERMAL RESISTANCE 
From junction to ambient in free air Rth j-a = 220 °C/W 
From junction to case Rth j-c = 35 OC /W 
From junction to mounting base Rth j-mb = 30 °C/W 
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BSV15 to 17 


CHARACTERISTICS 


Collector cut-off currents 


VpE =0; -Vcr = 40 V 


Ver = 0; -Veg = 40 V; Tamb = 150 oC 


VBE = 0; -VcR = 60 V 


VBE = 0; -Vog = 60 V; Tamb = 150 °C 


VBE = 0; -VcR = 80 V 


VpE = 0; -Vcog = 80 V; Tamb = 150 °C 
-Vpr = 0,2 V; -Vor = 40 V; Tamb = 100 °C 
~VBE = 0,2 V; -Vog = 60 V; Tamb = 100 °C 
-VBE = 0,2 V; -VcR = 80 V; Tamb = 100 °C 


Emitter cut-off current 


Ic = 0; -VERp=4V 


Breakdown voltages 


Ip = 0; -Ic = 50 mA; tp = 200 us; 6 = 0,01 


VBE = 0; -Io = 10 pA 
Ic =0; -Ip = 10 pA 


Base-emitter voltage 


~Ic = 100 mA; -Vop=1V 
~Ic = 500 mA; -VcR=1V 


Saturation voltage 


-lG:= 500 mA; -Ip= 25 mA 


Collector capacitance at f = 1 MHz 


In =Ie=0;-Vop=10V —BSV15; BSV16 


Ip =Ie = 0; -Vog=10V 


Emitter capacitance at f = 1 MHz 


Ic =I¢ = 0; -VER=0,5V 


Transition frequency at f = 20 MHz 
-Ic = 50 mA; -VcRF =10V 
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BSV17 


Tamb = 25 °C unless otherwise specified 


-IcES 
-ICES 
-ICES 
-ICES 
-ICES 
-ICES 
~ICEX 
-ICEX 
~ICEX 


-IEBO 


-V(BR)CEO 
~V(BR)CES 
~V(BR)EBO 


~VBE 


~VBE 


-VCEsat 


Ce 


< 1,0 
typ. 0,85 

0,7to 1,4 
< 1,0 
typ. 20 
< 30 
typ. 15 
< 25 
typ. 180 
2 50 


MHz 
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CHARACTERISTICS (continued) Tamb = 25 °C unless otherwise specified 


BSV15-6.] BSV15-10|] BSV15- 16 
BSV 16-6 | BSV16-10] BSV16-16 


D.C. current gain BSV17~-6 | BSV17-10 
~Ic = 0.1 mA; -Vcg=1V hrE oa 2 ‘00 
-Ic = 100 mA; -VcER=z1V hE ar to be 100 to a, 
-Ic = 500 mA; -VoR=1V hrE a is . 


h parameter at f = 1 kHz 
“Iq =1mA;-VcoR=z5V 
Small signal current gain hfe > 20 


Switching times 
Turn-on time 
~Ic = 100 mA; -Ip =+1py =5 mA ton < 900 ns 
Turn-off time 
—Ic = 100 mA; -Ip = +I pyyq = 5 mA 
Storage time ts < 300 ns 


Fall time tf < 150 ns 


Test circuit: 


7266329 


Pulse generator: Oscilloscope: 

Pulse duration tp 2 10 us Rise time < 15ns 
Rise time tr < 15 ns Input impedance > 100 kQ 
Fall time te <15ns 


Source impedance Rg= 50 Q 
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BSVI15 tol7 


7262509 


z Tmb#=50 °C 
HF 


repetitive pulse operation; 6 =0.01 


| | ¥0.05ms 


on oa TRESS 
Er CIN St 


Safe Operating Area with the transistor forward biased 


I Region of permissible d.c. operation 


o Il Permissible extension for repetitive pulse operation 
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SILICON PLANAR EPITAXIAL TRANSISTOR 


BSV64 


N-P-N transistor in a TO-39 metal envelope primarily intended for use as a print hammer drive. It has 


good high current saturation characteristics. 
QUICK REFERENCE DATA 


Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to Tease = 50 PC 

Junction temperature 

D.C. current gain 
IcC=2A;VcE=2V 

Transition frequency at f = 35 MHz 
Ic =0,5A;VcEp=z5V 

Turn-off time when switched from 
with —Ipofe = 0,5 A 


MECHANICAL DATA 
Fig. 1 TO-39. 
Collector connected to case 


a 6,6 les 
max 


Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 


© Products approved to CECC 50 004-025, available on request. 


Vy re 


min 


Vespo max. 100 V 
VCEQ max. 60V 
IcmM max. 5,0 A 
Prot max. 5,0 W 


Tj max. 175 OC 
hee > 40 

tT typ. 100 MHz 
toff < 1,2 ys 


Dimensions in mm 


7259322 1 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages 


Collector-base voltage (open emitter) 
Collector-emitter voltage (Rep <= 50 £2) 
Collector-emitter voltage (open base) 


Emitter-base voltage (open collector) 


Currents 


Collector current (d.c.) 
Collector current (peak value) 


Base current (d.c.) 


Power dissipation 


Total power dissipation up to Tcase = 50 °C 


Temperatures 


Storage temperature 


Junction temperature 


THERMAL RESISTANCE 


From junction to case 


max. 100 
max. 80 
max. 60 
max. 5 
max. 2,0 
max. 5,0 
max. 1,0 
max. 5,0 
-55 to+175 
max. 175 
= 25 


<<< < 


> 


°C/W 


December 1975 


Silicon planar epitaxial transistor BSV64 


CHARACTERISTICS 


i= 25 9C 
Collector cut-off current 

[l—- =0; Vep = 60 V ICBO < 10 pA 
Emitter cut-off current 

Ic =0; Vep=4V lERO < 10 wA 
eae P Viccus 10 V 

Corgi wen ew VBEsat < 1,8 V 
D.C. current gain 

Ic=2A;Vcp=z2v hFE > 40 
Collector capacitance at f = 1 MHz 

le =la=0; Vcp =10V Co < 80 pF 
Transition frequency at f = 35 MHz 

Ic =0,5A; Vcp=a5V tT typ. 100 MHz 
Switching times 

ICon = 5 A; IBon = —!Botf = 9,5 A 

—VBEoff = 2 V 

turn-on time ton < 0,6 us 

turn-off time toff < 1,2 us 
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Safe Operating Area 


I Region of permissible d.c. operation 
IT Permissible extension for repetitive pulsed operation 
II D.C. operation in this region is allowable, provided Rep < 90 2 
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BSWE6A to 68A 


| _— 
SILICON PLANAR EPITAXIAL TRANSISTORS —”~ 


N-P-N transistors primarily intended for general purpose industrial and switching applications. 


QUICK REFERENCE DATA 


BSW66A | BSW67A | BSW68A 


Collector-base voltage (open emitter) VcBO max. 100 150 +V 
Collector-emitter voltage (open base) VcEQ max. 100 150 V 
Collector current (peak value) lcm max. 2 A 
Total power dissipation up to Tease = 25°C = Ptot max. 5,0 W 
Collector-emitter saturation voltage 

Ic = 500 mA; Ip = 50 mA VCEsat < 400 mV 
D.C. current gain 

Ic = 10mA; VcgE =5 V hFe > 30 

lc = 500 mA; Vcg =5V hFE > 30 
Transition frequency at f = 35 MHz 

Ic = 100 mA; VcgE = 20 V tT typ. 130 MHz 


MECHANICAL DATA 
Fig. 1 TO-39. 
Collector connected to case. 


max 


Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 


© Products approved to CECC 50 004-040, available on request. 


Dimensions in mm 


a 6,6 ene 12,7 - 


min 7259322 1 
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BSW6E6A to 68A 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
BSW66A | BSW67A | BSW68A 


Collector-base voltage (open emitter) VcsBo max. 
Collector-emitter voltage (open base) * VCEO max. 
Emitter-base voltage (open collector) VEBO max. 
Collector current (d.c. or average) Ic max. 
Collector current (peak value; ty <20ms) — Icy max. 
Total power dissipation up to 
Tamb = 25 °C Prot max. 0,8 W 
Tease = 25 °C Prot max. 5,0 W 
Storage temperature Tstg —65 to + 200 °C 
Junction temperature Tj max. 200 oC 


THERMAL RESISTANCE 


From junction to ambient in free air Rth j-a = _ 220° ' °C/W 
From junction to case Rth j-c = 35 °C/W 
CHARACTERISTICS 


Tj = 25 OC unless otherwise specified 
Collector cut-off current 


le = 0; VcB = VcBOmax ; ICBO < 100 HA 
le = 0; Vop = 2VcBOmax ICBO < 100 nA 
le = 0; VcB = 2VcBOmax: T7=150°C = IcBo < 50 LA 
Emitter cut-off current 
Ic =0;Vep=6bV leBO < 100 pA 
Ic=0;VeR=3V lEBO < \ 100 nA 
Collector-emitter breakdown voltege BSW66A | BSW67A |BSW68A 
Ip =0; Ic =10mA V(BR)CEO > 100 120 150 V 
= pS a ae ae 
Saturation voltages 
Ic = 100 mA; Ip = 10 mA VCEsat < 150 mV 
VBEsat |< 900 mV. 
Ic = 500 mA; Ip = 50 mA VCEsat < 400 mV 
VBEsat  < 1,1 V 
Ic = 1,0 A; lB = 150 mA VCEsat < 1,0 V 
VBEsat < 1,4 V 


* See Application Information on page 8. 
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Silicon planar epitaxial transistors 


D.C. current gain 


iS : Ls > 30 
Ic =10 mA; VcgE=5V hFe Ep: 75 
: > 40 
Ic = 100 mA; VcgE=5V hee typ. 90 
a3 = > 30 
Ic = 500 mA; Veg =5 V hee - ni. 80 
= . = > 15 
Ic= 10A;VcE=5V hee 0) 20 
Collector capacitance at f = 1 MHz 
l- =le=0; Veg =10V . Ce < 20 pF 
Emitter capacitance at f = 1 MHz 
Ic =1-=0; Veg =0 Ce < 300 pF 
Transition frequency at f = 35 MHz 
Ic = 100 mA; Vcg = 20 V fT typ. 130 MHz 
Turn-on time (see Fig. 2) 
ICon = 500 mA; I Bon = 50 MA; —VeE off = 4 V ton typ. 0,5 us 
Turn-off time (see Fig. 2) 
[Con = 500 mA; IBon = —|Boff = 50 MA toff typ. 0,9 us 


Pulse generator: 
t, 2 5us 
t- <10 ns 
te <10ns 


+ 
7 7277656 


Fig. 2 Test circuit for saturated switching characteristics. 
Veco = 13 V; Vis = 21 V. 
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BSW66A to 68A 
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Fig. 4 I¢/Ig = 10; Tj = 25 °C; typical values. 
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Silicon planar epitaxial transistors BSW66A to 68A 


7277652 
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Fig. 5 Voge = 5 V; Tj = 25 °C. 
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Fig. 6 te = le = 0; Tj = 25 OC. Fig. 7 I¢ = l_ = 0; Tj = 25 °C. 
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BSWEE6A to 68A 
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200 


7277649 


100 


107 
10-2 
10- 
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Fig.9 Vop 
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BSWE66A to 68A 


APPLICATION INFORMATION 
Clamped inductive load turn-off capability 


With a base-emitter resistance of = 330 Q, i.e. an available reverse base current of < 2 mA, and the 
maximum permitted clamping voltage i.e. the rated VcEQmax, the transistor will be free from second- 
breakdown effects when turning off from collector current values up to the rated Ichimax Of 2 A. 


O+10,5V 


7 7277651 


Fig. 10 Test circuit: Vjjy = 50 V; tp = 3 ms; 6 < 0,03. 
D1 = BY206 or combinations of suitable faster diodes. 
_ Vo Adjusted to make V(c_) equal to rated VcEQmax (see Fig. 11). 


7277655 


— 


Fig. 11 Waveforms. 
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SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in TO-18 metal envelopes, primarily intended for high-speed saturated switching and 
h.f. amplifier applications. 


QUICK REFERENCE DATA 


| 


Collector-base voltage (open emitter) VcBo 
Collector-emitter voltage (open base) VCEO 
Collector-emitter voltage (Ver = 0) VcES 
Collector current (peak value) IcM 
Total power dissipation up to Tampb = 25 OC Prot 
D.C. current gain at Tj = 25 oC 

Ic= 10mA; VcEz1V hee 20 to 60 | 40 to 120 

Ic = 100 mA; Vcf =2V hee > 10 20 
Transition frequency 

Ic = 10 mA; Vcg = 10 V fr > 400 500 MHz 
Storage time ) 

lc=lp=—lIpm=10mA ts < 10 13 ons 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-18. 


Collector connected to case 


1,16 
max € ase 


a” 
NS b ‘ 
— 0,51 
Vy 48 ~ 4max 
1,17 S max 
max v 


_— 12,7 min ——~ 
72694201 


Accessories: 56246 (distance disc). 
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BSX19 
BSX20 


RATINGS (Limiting values) 1) 
Voltages 

Collector -base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector-emitter voltage with Vpr = 0 


Emitter -base voltage (open collector) 


“Current 


Collector current (peak value; t = 10 us) 


Power dissipation 


Total power dissipation up to Tamp = 29 ee 


Temperatures 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 


From junction to case 


max, 40 
max. 15 
max. 40 


max. 300 
max. 360 
-65 to +200 
max. 200 

0.48 
= 0.15 


< << < 


mW 


l) Limiting values according to the Absolute Maximum System as ‘defined in 


IEC publication 134. 
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BSX 19 
BS X20 
CHARACTERISTICS T, = 25 °C unless otherwise specified 
Collector cut-off current 
Ip = 0; Vop = 20 V IcBo < 400 nA 
In = 0; VCB = 20 V; T; = 150 °C lapo < 30 wA 
VBE = 03 Vor = 15 V3 Tj = 55 °C IcRs < 0.40 pA 
Vee = 9; Vor = 40 V IckEs < 1.0 wA 
Emitter cut-off current 
Currents at reverse biased emitter junction 
I < 0.60 wA 
= _ = - T= O CEX 
VCE = 15 V;-VpR = 3 V; Tj os Bad © “inex 22 0260! ae 
Sustaining voltages 
Io = 10 mA; Ip = 0 VcCEOsust 15 V 
Base-emitter voltage (see also page 8) 
Ig = 30 HA; Vox = 20 V; Tj = 100 2G VBE > 0.35 V 
Saturation voltages — 
_ _ BSX19: Ip = 0.6 mA = 
Ig = 10 mA; pex20: Ip = 0.3 mA VcEsat =< eae ou = 
= . = VCEsat < 0.25 V 
foe eee ee Ve aat 0.70 t0 0.85 V 
Ic = 100 mA; Ip= 10 mA VCEsat 7 oo oe 
Collector capacitance at f = 1 MHz 
In = 1670; Vago V¥ Cy < 4 pF 
Emitter capacitance at f = 1 MHz 
Ta =I, = 90; VepzlV Ce < 4.5 pF 
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BSX 19 


BSX20 
CHARACTERISTICS (continued) T; = 25 °C unless otherwise specified 
D.C. current gain BSX19 BSX 20 
Ic= 10mA; VcR=1V hep 20 to 60 | 40 to 120 
IG = 10 mA; Vog=1V; Tj = -55 °C hep > 10 20 
Iq = 100 mA; VcR=2V hep > 10 20 


Transition frequency 


Ig = 10 mA; Vor = 10V a a o a ne 
Switching times 
Storage time (see also pages 20 and 21) 
Ic = Ip= —Ipm = 10 mA ts ca . re - 
Test circuit: Ree 
+10V 


50. 
A 
| 
aaenneme 950.0 voltage at | 
—; V; point A 
— O—! 
eee OApF 
\ Vj 
~10V——— 
56.0 
‘To 
+ 7209497 
Pulse generator: Oscilloscope: 
. Rise time tr < 1 ns Input impedance Rj; = 50 2 
Pulse duration t > 300 ns Rise time tr < 1 ns 
Duty cycle 6s. <= O.02 


u 
wn 
© 
~ 


Source impedance Rg 
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BSX 19 


BSX20 
CHARACTERISTICS (continued) aT j = 25 °C unless otherwise specified 
Switching times 
Turn on time (see also pages 14 and 15) 
from -VpR =1.5 Vtolc = 10 mA; Ip=3 mA ton < 12 ns 
from —VpR = 2.25 V to Iq = 100 mA; Ip = 40 mA ton < 7 ns 
Turn off time (see also pages 16 to 19) 
from Iq = 10 mA; Ip = 3 mA BSX19 tore < 15 ns 
to cut-off with -Ipnyy = 1.5 mA BSX 20 toff < 18 ns 
from Iq = 100 mA; Ip = 40 mA to cut-off BSX 19 toff < 18 ns 
with —Ipnyy = 20 mA BSX 20 toff < 21 ns 
Test circuit: Vec 
Vj Vi 
10°%o 
50.0, | 
| 
. 10% | 
time time 


0772 
7209498 


Ve 
Pulse generator: — Oscilloscope: — 
Rise time tr < 1 ns Input impedance R; = SO 2 — 
Pulse duration t > 300 ns Rise time tr < 1 nos = 
Duty cycle 6 < 0.02 | 
Source impedance Rg = 90 2 


| turnontime on time turn [turn off time | time 
Ic Ip —Ipm | Voc | R1;R2 ms R4 -Vpp —-VBE Vj 
(mA) | (mA) | (mA) = (kQ) (2) | (V) _ = (V) (v) 
10 L-g5 3.3 | 50 er 3.0 12.0} 15 
100 5 20 0.33 | 56 4.5 24 ae 15.3 | 20 


Note 

-Ipm is the reverse current that can flow during switching off. The indicated 
~IpmM is determined and limited by the applied cut-off voltage and series re- 
sistance. 
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ee _ 
SILICON PLANAR EPITAXIAL TRANSISTORS a 


N-P-N transistors in TO-39 metal envelopes with the collector connected to the case. These transistors 
are intended for general industrial applications. 


QUICK REFERENCE DATA 


BSX45 | BSX46 | BSX47 
Collector-emitter voltage (open base) VCEQ = max. ee V 
Collector current (d.c.) Ic max. 1 A 
Total power dissipation ; 
up to Tease = 25 OC Prot max. 6,25 W 
Junction temperature Tj max. 200 oC 


Transition frequency at f = 20 MHz 
Ic = 50 mA; Vcg = 10 V. fT > 50 MHz 


BSX45—6 | BSX45-—10 | BSX45—16 
BSX46—6 | BSX46—10 | BSX46—16 
BSX47—6 | BSX47—10 


D.C. current gain 
Ic = 100 mA; Veg =1V hee 


MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 
Collector connected to case. 


4 se 0,51 
~ Amax 
85 ——— 
max 


| 6,6 | 12,7 
Seana ail Fi "92593221 


Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 


& Products approved to CECC 50 002-174, available on request. —S 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
BSX45 | BSX46 | BSX47 


Collector-emitter voltage (open base) VCEO 

Collector-emitter voltage (VpF = 0) Voces 

Emitter-base voltage (open collector) VEBO 

Collector current (d.c.) Ic 

Base current (d.c.) Ip 

Total power dissipation up to Tease = 25 PC Prot max. 6,25 W 

Storage temperature Tstg —65 to + 200 oC 
Junction temperature Tj max. 200 oC 


THERMAL RESISTANCE 
From junction to ambient in free air Rthj-a = 200 K/W 
From junction to case Rthj-c = 28 K/W 
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Silicon planar epitaxial transistors 


CHARACTERISTICS 
Tamb = 25 OC unless otherwise specified 


Collector cut-off currents 
Vee =0; Vee = 60 V 


VBE = 0; VcE = 60 V; Tamp = 150 °C 


Vee = 9; Vcg = 80 V 
Vpe = 9; VceE = 80 V; Tamb = 150 OC 
VBE = 9,2 V; VcE = 60 V; Tampb = 100 PC 
Vee =0,2 V; Vege = 80 V; Tamb = 100 9C 
Emitter cut-off current 
Ic =0;Vep=a5V 
Collector-emitter breakdown voltage 
open base; Ic = 50 mA 
VBE = 9; Ic = 100 pA 
Emitter-base breakdown voltage 
open collector; lp = 100 uA 


Base-emitter voltage 
Ic = 100 mA; Veg =1V 


Ic = 500 mA; Vee =1V 


IC= 1A VCE=1V 


Saturation voltage 
Ic = 1000 mA; Ip = 100 mA 


Ic = 500 mA; Ip =25mA 


Transition frequency at f = 20 MHz 
Ic = 50 mA; VcgE = 10 V 

Collector capacitance at f = 1 MHz 
le = 12 =0; Vcp = 10V 

Emitter capacitance at f = 1 MHz 
Ic =1,=0; VER =0,5 V 

Noise figure at f= 1 kHz 
Ic = 100 vA; Veg = 10 V 
Rs =1 k&2; B = 200 Hz 


ICES 


ICES 


ICES 
ICES 
ICEX 
ICEX 


lEBO 


V(BR)CEO 
V(BR)CES 


V(BR)EBO 


VBE 


VBE 


VBE 


typ. 


BSX45 | BSX46 | BSX47 
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50 50 MHz 
25 15 pF 
80 80 pF 
3,5 3,5 dB 
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BSX45—6 BSX45—10 | BSX45—16 
BSX46—6 BSX46—10 | BSX46—16 
BSX47-—6 BSX47—10 


D.C. current gain 


Ic = 100 vA; Vcf=z1V | hFE 
Ic = 100 mA; Veg =1V hFE 
Ic = 500 mA; Vcf=1V . hee 
lc=1A;Vcp=1V hee 


Switching times (see Fig. 2) 
ICon = 100 mA; IBon = —! Bote = 5 MA 
Turn-on time ton < 200 ns 


Turn-off time toff < 850 ns 


+11V — 
= . 
— _» tp be 
7262491 
7 
Fig. 2 Switching times test circuit. 
Pulse generator: Oscilloscope: 
Pulse duration tp = 10us Rise time tr < 15 ns 
Rise time t) <15ns Input impedance 2, 2 100 kQ2 
Fall time te <15ns 
Source impedance Zy = 502 
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non-repetitive pulse 
operation (6 = 0) 
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Fig. 3 Safe Operating ARea; T case < 25 OC*. 


| Region of permissible d.c. operation. 
I! Permissible extension for non-repetitive pulse operation. 


* At case temperatures > 25 °C derate constant power portion of boundaries such that: 


200 — Tease 
pce (For very short forward mode pulse durations, i.e. ty <3 us, assume 3 ps 
th (ty, o) 
p: 


values for Z+p.) 


Plty,0) = 
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Fig. 4 Thermal impedance versus pulse duration. Stabilization time is 10 s. 
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Fig. 6 Ic/lp = 10; —— typical values; — — — limit values at Tampb 


ST NUNN E 


2 

£ 

ise) 

ke 
Ee OE 
SA OS Pe EC A A a 
ete ape tae ty Ue | ees 
pase EE UCR SI al oc 
Ea Se ele 


PS eee 
Seah VaR eee see 
INT TT Pw TIN PT ee tT 


THE, 


aeue 
ty tt 
| 
PELE TELL E 
LEELA EEE - 


CLELEETAMETT 


UT 


i HHT 


i) o>) 
io) 


= 25 9C. 


Fig. 7 Ic¢/lg = 10; —— typical values; — — — limit values at Tampb 
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Silicon planar epitaxial transistors BSX45 to 47 
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BSX59 to 61 


SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in a TO-39 metal envelope with the collector connected to the case. The BSX59, 
BSX60 and BSX61 are primarily intended for very high speed core-driving purposes. 


QUICK REFERENCE DATA 


BSX59 | BSX60 | BSX61 


Collector-base voltage (open emitter) VCBO —max. 70 70 V 
Collector-emitter voltage (open base) VCEQ max. 45 45 V 
Collector current (peak value) lom max. 1 1 A 
Total power dissipation up to Tamp = 25 °C — Pet max. 0,8 0,8 W 
Junction temperature Tj max. 200 200 OC 
D.C. current gain 

Ic = 500 mA; Veg =1V hfe > 30 30 
Saturation voltage 

Ic = 500 mA; |p =50mA VCEsat < 0,5 0,7 V 
Transition frequency 

Ic = 5C mA; Vcg = 10 V fT typ. 450 475 MHz 
Turn-off time 

ICon = 900 mA; IBon = —lBotf =50MA tose < 60 100 ns 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 


Collector connected to case. 


‘ eee 0,51 
4Amax 
8,5 nee 
max 
| ——__ 


Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 
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BSX59 to 61 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Voltages | BSX59 | BSX60 | BSX61 
Collector -base voltage (open emitter) VCBO 


Collector-emitter voltage (open base) 
Ic = 10 mA VCEO 


Emitter -base voltage (open collector) VEBO 


Currents 
Collector current (d.c.) Ie max. 1 A 
Collector current (peak value) Icom max. 1 A 


Emitter current (peak value) -IpmM max. 1 A 


Power dissipation 


Total power dissipation up to Tamp = 25 °C Prot max. 0.8 W 


Temperatures 


Storage temperature’ T stg -65 to +200 °C © 

Junction temperature © T; max. 200 °C 

THERMAL RESISTANCE 

From junction to ambient in free air Rthj-a = 220 °C/W 
— From junction to case Rth j-c = 43 °C/W 
= From junction to mounting base Rth j-mb = 35 °C/W 
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BSX59 to 61 


CHARACTERISTICS Tj = 25 °C unless otherwise specified 
Collector cut-off current BSX59 | BSX60 | BSX61 
In = 0; Vop=40V IcBo < 500 500 500 nA 
Ig = 0; Vop = 40 V; T; = 150 eo ICBO < 300 | 300 | 300 wA 
Emitter cut-off current 
Ic = 0; Vep=4V IEBO < 300 300 900 nA 
Ic = 0; Veg = 4 V; Tj = 150 6 IEBO < 50 50 50 pA 


Currents at reverse biased emitter junction 


_ 2 _ +ICEX < 500 500 ; 1000 nA 
MBE Ve GEoe -I < 500} 500 {1000 nA 
BEX 
= : ; = ste as O +IoRrx < 300 300 500 wA 
VBE ON GR Seu Ve ape) Stee «= 400-1] 300 <b S00: WA 
Saturation voltages 
- ' 2 VCEsat < 0.3 0.3 0.5 V 
Sa ae VBEsat < 1.0] 1.0 | 1.0 V 
VCEsat < 0.5 0.5 0.7 V 
Ic = 500 mA; Ip = 50 mA Vv > 0.85 0.7 0.7 V 
: BEsat < =1.2 | 1.3 | 1.3 V 
2 ; 7 VCEsat < 1.0 1.0 1.3 V 
'C ane “A eee VBEsat < be.4; 1e8" |! ded. 7V 
D.C. current gain ae 
7 z > 30 30 30 — 
Ic = 150 mA; VcR=a1V | her typ. 70 90 105 = 
_ hes > 30 30 30 
Iq = 500 mA; Vcop=lV hFeR 7 90 90 90 
- - > 20 25 20 
Ia= lA; VoRpz5Vv hFE typ. 40 50) 55 
Transition frequency 
_ e > 250 250 250 MHz 
fe EOE he =P typ. 450 | 475 | 475 MHz 
Collector capacitance at f = 1 MHz 
Ss aye a typ 6 6 6 pF 
Ip = Ie = 0; Vop= 10 V C. . Fr ‘c 10 pF 
Emitter capacitance at f = 1 MHz 
= et alles 7 typ 36 36 36 pF 


BSX59 to 61 | : 


CHARACTERISTICS (continued) T; = 25 °C unless otherwise specified 


Recovered charge 


Ic = 500 mA; Ip = 50 mA BSX60 Oz. 25. ie 


Test circuit: 


+30V 
600% 


C=0 to 500pF 


Adjust C from zero to Copt 
Qs = Copt : Vi 


Pulse generator: 


Pulse duration 10 us 


0.02 


ct 
me) 
iT) 


Duty cycle 6 
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BSX59 to 61 


Silicon planar epitaxial transistors 


Switching times (see also Figs 4, 11 and 12) 
Turn-on time when switched from typ 


Turn-off time when switched from 
ICon = 500 mA; Ipo, = 50 mA to cut-off with iv 
—|Botf = 50 mA* toff oc 


+50V +30V 


10022 6082 


BSX59 
BSX61 


3752 T.U.T. 


56 2 


—~3V Y 71284108 


Fig. 4 Switching circuit. 


Pulse generator: 


Pulse duration ty 2 500ns 

Rise time t 5 ns 

Fall time te 5 ns 

Output resistance Ro = 50 Q (during pulse, otherwise infinite) 


“ —|Bof¢ is the reverse current that can flow during switching off. The indicated —Ipo¢¢ is determined 
and limited by the applied cut-off voltage and the series resistance. 
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Region of permissible operation during switching off with 
II Permissible extension for repetitive pulsed operation. 


lus; 6 =0.25 


tj limits operations with tp < O.lus;6 =0.25 
III Operation in this area is not allowed. 


t2 limits operations with tp s 
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Fig. 22 Veg = 5 V; typical values. 
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BSY95A 


SILICON PLANAR EPITAXIAL TRANSISTOR 


N-P-N transistor in a TO-18 metal envelope intended for general purpose low level switching appli- 


cations. 
QUICK REFERENCE DATA 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector current (peak value) 


VcBO max. 20 V 
VCEQO max. 15 V 
lcm max. 200 mA 


Total power dissipation up to Tamp = 25 OC Prot max. 300 mW 


D.C. current gain 
Ic = 10 mA; Veg = 0,35 V 


~ Transition frequency at f = 100 MHz 
Ic = 10 mA; Vcg = 9,0 V 


Storage time 


MECHANICAL DATA 
Fig. 1 TO-18. 
Collector connected to case 


Accessories: 56246 (distance disc). 


hfe 50 to 200 
fT > 200 MHz 
ts < 50 ns 


Dimensions in mm 


Vos = 
48 {max — 
max 
v 


| 53 | . 
<j > |<} __—_ ———_—— 
mate 12,7min 
7269420.1 
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BSYQ9S5A 


RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
VoRo max, 20 V 
V CEO max. 15 Vv 
VEBO max. 5.0 Vv 
* 
li C(AV) max. 100 mA 
I CM max, ; 200 mA 
< 
Pot max, (T mb =25 C) 300 mW 
*Averaged over any 20ms period. 
Temperature 
T min, -65 °C 
stg 
T .. Maxs 175 °c 
stg és 
T, max, (operating) 175 C 
THERMAL CHARACTERISTIC z 
Rend; Sais) | 0.5 degC/mW 
ELECTRICAL CHARACTERISTICS (Tap 725 C unless otherwise stated) 
I CBO Collector cut-off current 
V op = 16V, 1,=0 - 50 nA 
Vor (CBO) Collector-base breakdown 
voltage 
I-=1.0uA 20 ~ 
go sf 
Te BO Emitter cut-off current 
Vip lV; I,=0 - 25 nA 
V (BR) EBO = a breakdown 
I E =10uA 5.0 - V 
I CEO Collector-emitter cut-off 
current 
Von Vv, 1,70 - 250 nA 
V (BR) CEO samara breakdown 
I C =10mA** 15 - V 
in Transition frequency 
1,=10mA, Vo“ 9-OVs 
f=100MHz 200 


** Pulsed: Pulse width=300us, duty cycle < 2%. 
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- MHz 


Silicon planar epitaxial transistor BSY95A 


Min. Max, 


h Common emitter forward 
FE Wee 
current transfer ratio 


I,=1.0mA, V,,,=0.35V 30 = 


1,=10mA, Vog 7 0-35V 50 200 


Collector-emitter 
saturation voltage 
1,=10mA, 1, 70.2mA - 0.35 V 


Base-emitter saturation 
voltage 


I, =10mA, 1,,=0.2mA 0. 67 0. 87 V 


V cK (sat) 


V BR (sat) 


C Collector-base capacitance 


ob - 
Vapa2-OV, i 0 


4 £=1.0MHz - 6.0 pF 


t Storage time 


I C =10mA - 50 ns 


See test circuit on page 4 
SOLDERING AND WIRING RECOMMENDATIONS 


1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 


Transistors may be dip-soldered at a solder temperature of 245°C for 
a maximum soldering time of 5 seconds. The case temperature during 
soldering must not at any time exceed the maximum storage temperature. 
These recommendations apply to a transistor mounted flush on a. board 
having punched-through holes, or spaced at least 1.5mm above a board 
having plated-through holes. 


bo 
e 


Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 


co 
e 


If devices are stored at temperatures above 100°C before incorporation 
into equipment, some deterioration of the external surface is likely to 
occur which may make soldering into the circuit difficult. Under these 
circumstances the leads should be retinned using a suitable activated flux. 


AN 
e 
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STORAGE TIME TEST CIRCUIT 


“\ 890N Our 
Vii O-1pF y 5000 ya 
(0) 5 |  ) 
Nes . 2a10 
500N 
2-5nF 2? 5nF 
56Q— of 1] 
+oe- + 
t | 
O+ lOy lOUF O+ 
| IV . lOV 


Vin Rise time less 
than Ins 

tp >300 ns 

Duty cycle<2%. 


Input ond output waveforms 
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I0°/. Pulse 
waveform 
at point A 


PH2222; R 
PH2222A; R 


SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in plastic TO-92 variant envelopes, primarily intended for switching and linear 
applications. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) V 
Collector-emitter voltage (open base) V 
Collector current (d.c.) mA 
Total power dissipation up to Tamp = 25 OC mW 
Junction temperature oC 
D.C. current gain at Tj = 25 oC 
lc = 10 mA; Vcg = 10 V 
Transition frequency at f = 100 MHz 
Ic = 20 mA; Vee = 20 V MHz 
Storage time 
ICon = 150 mA; IBon = —!Botf = 15 MA ts < — 225 ns 
MECHANICAL DATA of PH2222 and PH2222A Dimensions in mm 
Fig. 1 TO-92 variant. 
3 — 
y 0,40 = 
2 4 min 
71Z67145 4 
<—_— 


7270994 1 


diameter within 2,5 max 
is uncontrolled ad 


The PH2222R and PH2222AR are available on request; they have cbe pinning instead of ebc. 
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PH2222: R 
PH2222A; R 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


PH2222; R | PH2222A; R 


Collector-base voltage (open emitter) VcBO max. 60 75 V 
Collector-emiitter voltage (open base} VCEO max. 30 40 V 
Emitter-base voltage (open collector) VEBO max. a) 6 V 
Collector current (d.c.) ~ ole max. 800 mA 
Total power dissipation 

up tO Tamb = 25 CC ’ Prot max. 625 mW 
Storage temperature T stg —65 to + 150 oC 
Junction temperature Tj max. 150 oC 


THERMAL RESISTANCE 
From junction to ambient in free air Rth j-a = 200 ‘K/W 


CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 


PH2222:R | PH2222A:R 


Collector cut-off current 


le = 0; Veg =50V IcBO < 10 — nA 
le = 0; Veg = 50 V; Tampb = 150 OC lIcpo < 10 — LA 
l— = 0; Veg =60V IcBo <J — 10 nA 
le = 0; Vcp = 60 V; Tampb = 150 OC ICBO < —~ 10 LA 
Emitter cut-off current 
lc =0;Vep=3V lIEBO < 10 10 nA 
Currents at reverse biased emitter junction 
is ICEXx = — 10 nA 
Vce = 60V;—-Vpp=3V eee < _ 50 nA 
Breakdown voltages 
le =0; lc = 10 pA ViBR)CBO = 60 75 V 
Ip =O; lc =10mA V(BR)CEO => 30 40 V 
Ic =0; lp = 10 nA ViBR)EBO > 5 6 V 
Saturation voltages * 
Ic = 150 mA; Ip = 15 mA VCEsat < 0,4 0,3 V 
V > — 0,6 V 
BEsat < 1,3 1,2 V 
_ ee VCEsat < 1,6 1,0 V 
lc = 500 mA; Ip = 50 mA Wares < 2.6 2.0 V 


* Measured under pulse conditions: tp < 300 us; 6 < 0/02. 
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PH2222; R 
PH2222A; R 


Silicon planar epitaxial transistors 


; PH2222; R | PH2222A; R 
D.C. current gain 


Ic = 0,1 mA; Veg = 10 V hFE > 

Ic= 1mA;VcE=10V hee > 

Ic= 10 mA; Vege = 10 V hee > 

Ic = 10 mA; Veg = 10 V; Tamb = —55 OC hFE > 

lc = 150 mA; VcE= 1V* hee > 

Ic = 150 mA; Vcr = 10 V* hee : 

Ic = 500 mA; Vcr = 10 V* hee > 
Transition frequency at f = 100 MHz 

lc = 20 mA; Veg = 20 V fT > MHz 
Collector capacitance at f = 100 kHz 

le =le=0; Veg =10V Co < pF 
Emitter capacitance at f = 100 kHz 

Ic =1,=0; Veg =0,5V Co < pF 
Feedback time constant at f = 31,8 MHz 

lc = 20 mA; Vee = 20 V "bb Chic < ps 
h-parameters (common emitter) 

Ic =1mMA; Veg = 10 V; f = 1 kHz > kQ 

Input impedance hie < ie) 

Reverse voltage transfer ratio hre < 10°* 

small-signal current gain hfe Z 

Output admittance hoe és ea 

Ic = 10 mA; Vcg = 10 V; f = 1 kHz > KQ 

Input impedance hie < ka, 

Reverse voltage transfer ratio hre < 10-4 

Small-signal current gain hfe . 

Output admittance Noe a Hn 

Ic = 20 mA; Vcg = 20 V; f = 100 MHz 

Small-signal current gain hfe > 

Ic = 20 mA; Vcg = 20 V; f = 300 MHz 

Real part of input impedance Re(hie) << Q 
Noise figure at f = 1 kHz 

Ic = 0,1 mA; Veg = 10 V 

Rg =1kQ;B=1 Hz F < dB 


* Measured under pulse conditions: ty < 300 ps; 6 < 0,02. 
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PH2222; R 
PH2222A; R 


Switching times (between 10% and 90% levels) for PH2222A; R 
Turn-on time when switched to Icon = 150 mA (see Fig. 2) 


delay time td < 10 ns 
rise time tr at 25 ns 
Turn-off time when switched from Icon = 150 mA (see Fig. 3) 
storage time ts < 225 ns 
fall time tr < 60 ns 
“CC 
R2 
Vo 
R1 
Vj TUT 
SS 
7282487 
7282485 
Fig. 2 Input waveform and test circuit for determining delay time and rise time. 
V;=—0,5 V to+ 9,9 V; Veg = + 30 V; R1 = 619 Q; R2 =200Q. 
Pulse generator: Oscilloscope: ; 
pulse duration ty < 200 ns input impedance Z; > - 100 kQ © 
rise time tp < 2 ns input capacitance Cj < 12 pF 
duty factor 6 = 0,02 rise time tr a 5 ns 
V, Vec 
+16,2V 
—— i 
0 V, | 
time 
Vo 
oscilloscope 
-—13,8V 
a HOOKS 7Z88673 


7 
Ven Z 285736 


Fig. 3 Input waveform and test circuit for determining storage time and fall time. 


Vcc =+ 30 V; Veg = —3 V; R1 = 1kQ; R2 = 200 Q; R3 = 20 kQ; R4 = 50 Q; D1 = 1N916. 


‘ Pulse generator: Oscilloscope: 
fall time tf < 5 ns input impedance Zj > 100 kX 
input capacitance Cj < 12 pF 
rise time : tr < 5 ns 


PH2369 


SILICON PLANAR EPITAXIAL SWITCHING TRANSISTOR 


N-P-N transistor in a plastic TO-92 variant envelope intended for high-speed switching applications. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) 
Collector-emitter voltage (Vpr = 0) 
Collector-emitter voltage (open base) 
Collector current (peak value) 

Total power dissipation up to Tamp = 25 PC 


D.C. current gain 
Ic= 10mA;VcE=z1V 
Ic = 100 mA; Vcfp =2V 


Transition frequency at f = 100 MHz 
Ic = 10 mA; Veg = 10 V 


Storage time 
ICon = 'Bon = —|Boff = 10 mA 


MECHANICAL DATA 
Fig. 1 TO-92 variant. 


7267145 1 


diameter within 2,5 max 
is uncontrolled Ss 


VCBO 
VCES 
VCEO 
ICM 
Prot 


hFE 
hFE 


T 


ts 


max. 40 V 
max. 40 V 
max. 15 V 
max. 500 mA 


max. 500 mW 
> 40 
> 20 


> 500 MHz 


os 13 ns 


Dimensions in mm 


7270994 1 
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PH2369 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (VpfF = 0) 
Collector-emitter voltage (open base) 
Emitter-base voltage (open collector) 
Collector current (peak value: ts 10 us) 
Total power dissipation up to Tamp = 25 °C 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 


From junction to ambient in free air 


CHARACTERISTICS 
Tamb = 25 °C unless otherwise specified 


Collector cut-off current 

le = 0; Vep = 20 V 

le = 0; Vep = 20 V; Tj = 125°C 
Emitter cut-off current 

Ic =0;Vep=2V 
Saturation voltages 

Ic = 10 mA; Ip = 0,3 mA 


Io =10 mA; Ig =1mA 


Ic = 100 mA; Ip = 10 mA 


D.C. current gain 
Ic = 10mA;Vce=z1V 
Ic = 10mA; VcE = 1 V; Tamb = —55 OC 
Ic = 100 mA; VcF =2V- 

Transition frequency at f = 100 MHz 
lc = 10 mA; Vcg = 10 V 

Collector capacitance at f = 1 MHz 
le=le=0;Vep=5V 

Emitter capacitance at f= 1 MHz 
lc=I,=0;VeRp=zi1V 


Switching times 
Storage time (see Fig. 2) 
ICon = 'Bon = —!Boff = 10 mA 


October 1979 


VCBO 
VCES 
VCEO 
VEBO 
IoM 
Prot 
T stg 


qj 


Rth j-a 


ICBO 
ICBO 


' IEBO 


~ VCEsat 


VCEsat 
VBEsat 


VCEsat 
VBEsat 


ts 


max. 40 
max. 40 
max. 15 
max. » 4,5 
max. 500 
-max. 500 
—55 to + 150 
max. 150 
= 250 
<< 400 
<a 30 
< 100 
< 0,30 
< 0,25 
0,70 to 0,85 
=< 0,60 
< 1,50 
40 to 120 

> 20 
> 20 
> 500 
< 4 
< 4,5 
typ. 6 
< 13 


K/W 


nA 
vA 


Ss 5. << 


MHz 


pF 


pF 


ns 
Ns 


Silicon planar epitaxial switching transistor 


Pulse generator: Oscilloscope: 

t < 1 ns R; = 502 

tp > 300ns tp < Ins 

5 < 0,02 *10V 


R, = 502 


° 0,1 uF 
Vi 
SOV = 


5622 


7 7 


+11V 7277953 


7277952 
Fig. 2 Test circuit and waveforms. 
Turn-on time (see Fig. 3) 
from —VBEoff = 1,5 V to Icgn = 10 MA; IBon = 3 MA ton < 12 ns 
from —VBEoff = 2,25 V to Icgn = 100 mA; IBon = 40 mA ton << 7 ns 
Turn-off time (see Fig. 3) — 
ICon = 10 MA; IBon = 3 MA; —I Bose = 1,5 MA toff < 18 ns = 
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‘te < 1 ns 


PH2369 


Pulse generator: 


tp < 1 ns 
ty > 300 ns 
6 < 0,02 
Rg = 502 
Oscilloscope: 
Rj = 502 


7277954 


7277951 


Fig. 3 Test circuit and waveforms. | 


turn-on time turn-off time 


VBB VBE 
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PH2369 
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Fig. 7 Veg = 10 V; Tamb = 25 OC; typical values. 
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(mA/V) 
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Fig. 8 Vep = 10 V; Tamb = 25 OC; typical values. 
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Fig.9 Vep=10V; Tamb = 25 °C; typical values. 
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Fig. 10 Vcp = 10 V; Tamb = 25 °C; typical values. 
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Fig. 11 Voep = 10 V; Tamb = 25 OC; typical values. 
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Silicon planar epitaxial switching transistor 


Fe 

HF 
A 

i: 


"| 


200 400 600 f (MHz) 800 
Fig. 12 Vop = 10 V; Tamb = 25 °C; typical values. 
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PH2907; R 
PH2907A; R 


SILICON PLANAR EPITAXIAL TRANSISTORS 


P-N-P medium power transistors in plastic TO-92 variant envelopes, primarily designed for high-speed 
switching and driver applications for industrial service. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) —Vcpo max. 60 V 


PH2907:R —-VCEQ max. 40 V 


Collector-emitter voltage (open base) PH2907A;R —VcEQ max 60 V 


Collector current (d.c.) —Ie max. 600 mA 
Total power dissipation up to Tamp = 25 PC Prot max. 625 mW 
Junction temperature qj max. 150 9C 
D.C. current gain at Tj = 25 OC 

—Ic = 150 mA; —Vcg = 10 V hee 100 to 300 
Transition frequency at f = 100 MHz 

—lce = 50 mA; —Vcr = 20 V; Tj = 25 OC fT > 200 MHz 
Storage time 

—ICon = 150 mA; —lBon = IBoff = 15 MA ts < 80 ns 
MECHANICAL DATA of PH2907 and PH2907A Dimensions in mm 


Fig. 1 TO-92 variant. 


7267146 1 


7270994 1 


diameter within 2,5 max | 


is uncontrolled ch 


The PH2907R and PH2907AR are available on request; they have cbe pinning instead of ebc. 


\ 


October 1982 1 


PH2907; R 
PH2907A; R 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Collector-base voltage (open emitter) —VcBo 
Collector-emitter voltage (open base) PH2907;R  —VcEO 
PH2907A;R —VcEO 
Emitter-base voltage (open collector) —VEBO 
Collector current (d.c.) —Ic 
Total power dissipation up to Tamb = 25 OC Prot 
Storage temperature | Tstq 
Junction temperature Tj 


THERMAL RESISTANCE 
From junction to ambient in free air Rth j-a 


January 1981 


max. 60 
max 40 
max 60 
max. 5 
max. 600 
max. 625 
—65 to + 150 
max. 150 

200 


K/W 


PH2907; R 
PH2907A; R 


Silicon planar epitaxial transistors 


CHARACTERISTICS 
Tamb = 25 OC unless otherwise specified 


2N2907: R | 2N2907A; R 
Collector cut-off current 


le = 0; -Vcp =50V —IcBo < 20 10 nA 
le = 0; —Vep = 50 V; Tamb = 150 OC —lcBo < 20 10 LA 
+Vpe =0,5 V; —Vcg = 30 V —IcEx < 50 50 nA 
Base current 
+Vpep=0,5V;—Veg= 30 V IBEX < 50 50 nA 
Collector-base breakdown voltage 
open emitter; —Ic = 10 uA -V(BR)CBO = 60 60 V 
Collector-emitter breakdown voltage* 
open base; —Ic = 10 mA -V(BR)CEO > 40 60 V 
Emitter-base breakdown voltage 
open collector; —Ie = 10 pA —-V(BR)EBO > 5 5 V 
Saturation voltages* 
—V < 0,4 0,4 V 
—Ic¢ = 150 mA; —Ip = 15 mA Nee eS 13 13 ‘ 
= = —VCEsat < 1,6 1,6 V 
—lc = 500 mA; —Ip = 50mA “Vacc: < 2.6 2.6 Vv 
D.C. current gain 
—Ic= 0,1 mA; —Vcg = 10 V hee > 35 75 
—Ic= 1mA;—VcE=10V hee > 50 100 
—Ic= 10mA;—VcE=10V hee > .75 100 
_ 7 “ > 100 100 
—Ic¢ = 150 mA; —Vcg = 10 V hee Z 300 300 
—lc¢ = 500 mA; —Vcg = 10 V* hee > 30 50 
Collector capacitance at f = 100 kHz = 
le = le =0; -—Vcp =10V Co < 8 pF — 
Emitter capacitance at f = 100 kHz — 
Transition frequency at f = 100 MHz 
—Ic¢ = 50 mA; —Vcg = 20 V* fT > 200 MHz 


* Measured under pulse conditions to avoid excessive dissipation: tp < 300 ws; 6 < 0,02. 
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PH2907; R 
PH2907A; R 


Turn-on time (see Fig. 2) 


when switched to —ICon = 150 mA; —IBon = 15 MA 


delay time tq < 10 ns 

rise time | t << 40 ns 

turn-on time ton < 45 ns 
—30V 


Vo 
0 Vj 
—16V — 7282344 
pes ae ee 


tp 


Fig. 2 Input waveform and test circuit for determining delay, rise and turn-on time. 


Turn-off time (see Fig. 3) 


when switched from —Icon = 150 mA; —lBon = 19 mA 
to cut-off with + Ipor¢ = 15 MA 


storage time ts < 80 ns 

fall time tf < 30 ns 

turn-off time tofp << 100 ns 
+15V -6V 


—-30V — 


| tp | 7282345 


Fig. 3 Input waveform and test circuit for determining storage, fall and turn-off time. 


Pulse generator (see Figs 2 and 3) Oscilloscope (see Figs 2 and 3) 

frequency t = 150 Hz rise time tr < 5 ns 
pulse duration tp = 200 ns input impedance Z; < 10 MQ 
rise time ty < 2 ns 

output impedance Zo = 50 22 
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N-P-N SILICON PLANAR TRANSISTORS 


N-P-N transistors in TO-18 metal envelopes with the collector connected to the case. 


These devices are primarily intended for use in high performance, low-level, low-noise amplifier appli- 
cations both for direct current and for frequencies of up to 100 MHz. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcBO max V 
Collector-emitter voltage (open base) VCEQ max V 
Collector current (peak value) ‘lem max mA 
Total power dissipation up to Tamp = 25 OC Prot max mW 
Junction temperature Tj max OC 
D.C. current gain at Tj = 25 oC S 
Ic =10ynA; Veg =5V hee < 
| > 
lc=10 mA; VcE =5V NEG < 
Transition frequency 
Ic =0,5 mA; Vcg =5V ty typ MHz 
Noise figure at Rs = 10 kQ 
Ic = 10 uA; Vcf rd Vv 
a typ dB — 
f= 10 Hz to 15 kHz F < dB = 
MECHANICAL DATA Dimensions in mm oe 
Fig. 1 TO-18. 
Collector connected to case 
k Vos 
48 4max 
max 
V 


ees te 12,7min ——> 
72694201 


Accessories: 56246 (distance disc). 
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2N929 
2N930 


RATINGS Limiting values in accordance with the Absolute Maximum System 


Voltages 

Collector -base voltage (open emitter) ' 
Collector -emitter voltage (open base) 
Collector -emitter voltage at VER = 0 


Emitter -base voltage (open collector) 


Currents 


Collector current (d.c. or average over 
any 50 ms period) 


Collector current (peak value) 


Emitter current (d.c. or average over 
any 50 ms period) 


Emitter current (peak value) 


\ 


Power dissipation 


Total power dissipation up to Tamp = 25 °C 


Temperatures 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 


From junction to case 


VcBo 
VCEO 


VCES 
VEBO. 


(IEC 134) 
max. 45 V 
max. 45 V 
max. 45 V 
max. 5 V 
max. 30 mA 
max. 60 mA 
max 35 mA 
max. 70 mA 
max. 300 mW 
-65to+175 °C: 
max. 175 °% 
0.5 °C/mW 
0.25 


0C/mW 


July 1969 


CHARACTERISTICS T; = 25 °C unless otherwise specified 


Collector cut-off current 


Ip = 0; Vop = 45 V IcBO < 10 nA 
Ip =0; Vop = SV ICEkO < 2 nA 
VeEB = 9; Vcp = 45 V IckEs < 10 nA 
Emitter cut-off current 
Ic = 0; Veg z5V IEBO < 10 nA 
Emitter -base voltage 
-Ip = 0.5mA; Vcp=5V -VEB 0.6to0.8 V 


Saturation voltages 
Ic = 10 mA; Ip = 0.5 mA VCEsat < 1 V 


VBEsat 0. 6 to 1 V 


D.C. current gain 


Iq = 10uA; VoR=5V hpp 40 to 120 | 100 to 300 
I¢ = 10uA; VoR RSV; T]=-55°C hp > 10 > 20 
Ic = 500HA; VcR=ESV hep > 60 > 150 
Ig = 10 mA; Vcr =5V hpr 100 to 350 | 150 to 600 


Collector capacitance at f = 1 MHz 


Ip = Ie = 0; VoR =5V Gs < 8 < 8 pF 


Transition frequency 


Ic = 0.5 mA; Vop =5V fr > 50 > 50 MHz 


Cut-off frequency 
Ico = 0.5mA; VCR =z5V fife > 200 > 100 kHz 
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2N929 
2N930 


CHARACTERISTICS (continued) 
Noise figure (f = 10 Hz to 15 kHz) 
Iq = 10 HA; Vocg = 9 V; Rg = 10 kK 


h parameters at f = 1 kHz 
Ic = 1mA;VcR=za5V 
Input impedance 


Reverse voltage transfer 
Small signal current gain 


Output admittance 


Tj = 25 °C unless otherwise specified 


2N929 


typ. 2.5 
<- 4 


typ. 5.0 
typ. 2.5 


typ. 200 
60 to 350 


typ. 14 


2N930 
2 dB 
3 dB 


10.0 kQ 
5.5 1074 


350 
150 to 600 


25 wal 


| June 1968 


2N1613 


Ge 
SILICON PLANAR TRANSISTOR 
N-P-N double diffused transistor in a TO-39 metal envelope designed for a wide variety of applications 
including d.c. amplifiers, high-speed switching and high-speed amplifiers. 
QUICK REFERENCE DATA 
Collector-base voltage (open emitter) VcsBo max. 75 V 
Collector-emitter voltage (Rae < 10 2) VCER max. 50 V 
Collector current (peak value) Icom max. 500 mA 
Total power dissipation up to Tamp = 25 OC Prot max. 0,8 W 
D.C. current gain at Tj = 25 oC 
Ic = 150 mA; Vcg = 10 V hee 40 to 120 
Transition frequency at f = 20 MHz 
Ic = 50 mA; Vcg = 10 V fT > 60 MHz 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 
Collector connected to case 
~ gmax - 
8,5 SS ct 
max a 
Y a 
+ 68-41 - res m" 7259322.1 
Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 
| - 

© Products approved to CECC 50 002-104, available on request. << 
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2N1613 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Collector-base voltage (open emitter) VcBOo max. 75 
Collector-emitter voltage (Raf < 10 22) VcCER max. 50 
Emitter-base voltage (open collector) VEBO max. 7 
Collector current (peak value) * ICM max. 500 
Total power dissipation 

UP tO Tamb = 25 °C Prot max. 0,8 

at Tease = 100 OC Prot max. 1,7 

up to Tease = 25°C Prot max. 3,0 
Storage temperature T stg —65 to + 200 
Junction temperature Tj max. - 200 
Lead soldering temperature 

> 1,5 mm from the seating plane; tsjq < 10s. Tsiq max. 300 
THERMAL RESISTANCE 
From junction to case | Rthj-c = 58,3 
* With the exception of the collector current all other data are Jedec registered. | 

7282358 


ule oe 
a oe \ 
babel abet falta ated a 


0 50 100 150 T (°C) 200 
Fig. 2 Maximum permissible total power dissipation as a function of temperature. 
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V 
V 
V 


K/W 


Silicon planar transistor ON1613 


CHARACTERISTICS 
Tamb = 25 OC unless otherwise specified 


Collector cut-off current 


le = 0; Vep = 60 V ICBO < 10 nA 

le = 0; Vep = 60 V; Tamp = 150 OC IcBO < 10 pA 
Emitter cut-off current 

Ic =0;Vep=5V leEBO < 10 nA 
Collector-base breakdown voltage 

open emitter; Ic = 100 uA ViBR)CBO > 75 V 
Collector-emitter breakdown voltage* 

Ic = 100 mA; Ree S10 2 V(BR)CER > 50 V 
Emitter-base breakdown voltage 

open collector; I_ = 100 vA V(BR)EBO 7 V 
Saturation voltages* 

Ic = 150 mA; Ip =15mMA Nee cce < 13 V 
D.C. current gain 

Ic = 0,1 mA; Veg = 10 V hee > 20 

Ic = 10 mA; Vcg = 10 V* hee = 35 

Ic = 10 mA; Veg = 10 V; Tamb = —55 OC hee > 20 

Ic = 150 mA; Veg = 10 V* hFE 40 to 120 

Ic = 500 mA; Vcg = 10 V* hee > 20 
Transition frequency at f = 20 MHz 

Ic = 50mA; VcfE=10V fy > 60 MHz 
Collector capacitance 

le = le=0; Vep = 10V Co < 25 pF 
Emitter capacitance 
Noise figure at f = 1 kHz 

Ic = 0,3 mA; Veg = 10 V; Rg = 910 2; B= 1 Hz F = 12 dB 
h-parameters at f = 1 kHz 
Input impedance 

Ic=1mA;Vcp= 5V hib ; 24 to 34 2 

lc=5mA; Vcp=10V hib 4to 8 QQ 
Reverse voltage transfer ratio 

Ic=1mA;VcE= 5V Arb < 3 10° 

lc =5mA; Vee = 10 V hrb < 3 10° 
Small-signal current gain 

Ic=1mA;VcE= 5V hte 30 to 100 

Ic =5 mA; Vce= 10 V hfe 35 to 150 


* Measured under pulse conditions to avoid excessive dissipation: tp = 300 us; 6 < 0,02. 


July 1979 


2N1613 


Output admittance 


lc=1mA;VcE= 5V hob 0,05 to0,5 uA/V 

Io =5 mA; Vog = 10V hob 0,05 to 0,5 wA/V 
Total switching time (see Figs 3 to 6) 

ICon = 50 mA; VBEon = —VBEoff = 1 V ton*toff < 30 ns 


—-50V +20V 


sampling 

oscilloscope 

10nF . 

T.U.T. 

ceramic 
disc —50V 

100 22 


7282354: 


Fig. 3 Turn-on plus turn-off measuring circuit. D = BAW62. 


| 1Sns _ +20V 
oo! ieee 
ae 0 
— +18 V 
oa —1V 7Z82356 
7282355 Fig. 5 Waveform at “’B”. 


Fig. 4 Waveform at “A”. 
Pulse generator: t,; tp << 1 ns. 


input O 


t 


output 90% 


Fig. 6 Turn-on and turn-off time. +18V 
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Silicon planar transistor 2N1613 
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Fig. 8 I¢/Ip = 10; typical values. Fig.9 Vcp =60 V. 
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2N1613 
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Fig. 10 Voge = 10 V; Tj = 25 °C. Fig. 11 Voge = 10 V; Tj = 25 OC. 
7282364 


Sexe 
Ze RERERER REE 
Loh WSLS ed he eh! 
Pe fst Meh ee pe ob 
Ps ee se eles Melee Is lace 
pede ea dle eth pee aad, 2 
ee Neal aah Apstes| hes 
RES e eee ee cee 

+ 


asc aae aes 
fee eset Vee AS Pane 
tae eee ese 
SR eRe AR 
eRe eRe ESE 
Ered Mee tesliae dodo aed 
hae aaa eee 
aks See eee 


0 0,5 1 Vag (V) 1,5 
Fig. 12 Voge = 10 V; Tj = 25 OC. 


July 1979 


Silicon planar transistor ON1613 
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Fig. 13 Veg = 10 V; typical values. 
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Fig. 14 Veg = 10 V; typical values. 
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2N1613 
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Fig. 15 Voge = 10 V; f = 20 MHz; Tj = 25 9C. 
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2N1711 


SILICON PLANAR TRANSISTOR 


N-P-N double diffused transistor ina TO-39 metal envelope designed for a wide variety of applications 
such as d.c. and wideband amplifiers. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VCBO max. 75 V 
Collector-emitter voltage (Raf < 10 2) VCER max. 50 V 
Collector current (peak value) Icom max. 1,0 A 
Total power dissipation up to Tamp = 25 OC Prot max. 0,8 W 
D.C. current gain 

Ic = 150 mA; Vcg = 10 V hee 100 to 300 
Transition frequency at f = 20 MHz 

Ic = 50 mA; Vcg = 10 V fT > 70 MHz 
MECHANICAL DATA ? Dimensions in mm 
Fig. 1 TO-39. 


Collector connected to case 


i ite 
A max 
8,5 eS 
max 
Y =a 
a 68 le a ad 7259322.1 


Maximum lead diameter is guaranteed only for 12,7 mm. 


Accessories: 56245 (distance disc). 


j= Products approved to CECC 50 002-104, available on request. 


October 1982 


2N1711 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Collector-base voltage (open emitter) VCBO 
Collector-emitter voltage (Rpg < 10 2) VCER 
Emitter-base voltage (open collector) VEBO 
Collector current (peak value) Iom 
Total power dissipation 
uP to Tamb= 25°C Prot 
UP to Tease = 100 PC Prot 
up to Tease = 25 PC Prot 
Storage temperature T stg 
Junction temperature . qj 


Lead soldering temperature 
> 1,5 mm from the seating plane; tejq << 10s Tsld 


THERMAL RESISTANCE 
From junction to ambient in free air Rth j-a 
From junction to case Rth j-c. 


November 1979 


max. 75 
max. 50 
max. 7,0 
max. 1,0 
max. 0.8 
max. 1,7 
max. 3,0 
—65 to + 200 
max. 200 
max. 300 

219 
= 58,3 


Pe<ccdc 


K/W 


Silicon planar transistor 


CHARACTERISTICS 
Tamb = 25 OC unless otherwise specified 
Collector cut-off current 

le =0;Vcp=60V 

le = 0; Veg = 60 V; Tamb = 150 OC 
Emitter cut-off current 

Ic = 0; Veg =5,0 V 
Collector-base breakdown voltage 

open emitter; Ic = 100 uA 


Emitter-base breakdown voltage 
open collector; |_ = 100 vA 


Collector-emitter sustaining voltage * 
Ic = 100 mA; Reg < 10 2 


Saturation voltages * 
Ic = 150 mA; Ip = 15 mA 
D.C. current gain 
Ic= 10nA;VcE=10V 
Ic = 0,1 mA; Veg = 10 V 
Ic = 10mA; Veg = 10 V * 
Ic= 10 mA; Veg = 10 V; Tamp = —55 OC 
Ic = 150 mA; Veg = 10 V * 
Ic = 500 mA; Vcg = 10 V * 


Transition frequency at f = 20 MHz 
Ic = 50 mA; Vege = 10 V 
Collector capacitance 
le =1e=0; Veg = 10V 
Emitter capacitance 
Ic =|. =0; Veg =0,5 V 
Noise figure at f = 1 kHz 
Ic = 300 WA; Vcg = 10 V; Rg = 510 22; B= 1 Hz 


h-parameters at f = 1 kHz 


Input impedance 
Ic = 1,0 mA; Vcp = 5,0 V 


Ic = 5,0 mA; Vop = 10 V 


Reverse voltage transfer ratio 
Ic = 1,0 mA; Vcp = 5,0 V 


Ic =5,0 mA; Vcg = 10 V 


Small-signal current gain 
Ic = 1,0 mA; VcgE = 5,0 V 


Ic = 5,0 mA; VcgE= 10 V 


ICBO 
ICBO 


lEBO 
V(BR)CBO 
V(BR)EBO 


VCERsust 


VCEsat 
V BEsat 


hFE 
NEE 
hFE 
hFE 
hFE 
hFE 


T 


2N1711 


< 10 
< 10 
< 5 
> 75 
> 7,0 
> 50 
< 1,5 
< 1,3 
> 20 
> 35 
> 75 
> 35 
100 to 300 
> 40 
> 70 
< 25 
< 80 
<< 8,0 
24 to 34 
4,0 to 8,0 
< 5,0 
< 5,0 
50 to 200 
70 to 300 


* Measured under pulse conditions to avoid excessive dissipation: ty < 300 us; 6 < 0,02. 


nA 


nA 


<< 


MHz 


pF 


pF 


dB 


Q 
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2N1711 


Output admittance 
lc = 1,0 mA; Voce = 5,0 V 
lc =5,0 mA; Vcg = 10 V 


November 1979 


hob 
hob 


0,05 to 0,5 vA/V 
0,05 to 0,5 pA/V 


2N1893 


SILICON TRANSISTOR 


High voltage n-p-n transistor in a TO-39 metal envelope with the collector connected to the case. It is 
intended for use in high performance amplifier, oscillator and switching applications. 


QUICK REFERENCE DATA | 


Collector-base voltage (open emitter) VCBO max. 120 V 
Collector-emitter voltage (RBE < 10 ©) VcER max. 100 V 
Collector current (d.c.) Ic max. 500 mA 
Total power dissipation up to Tease = 25 OC Prot max. 3,0 W 
Junction temperature Tj max. 200 °C 
D.C. current gain 

Ic = 0,1 mA; Veg = 10 V ee Ps 20 

Ic = 10mA; Vcg = 10 V; T = —55 OC hee > 20 

Ic = 10mA; Vcg = 10 V hee > 35 

Ic = 150 mA; Veg = 10 V hFE 40 to 120 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 


Collector connected to case 


A eet 0,51 
“A max 
8,5 =— 
max 


Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 


{= Products approved to CECC 50 002-104, available on request. 
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2N1893 


RATINGS (Limiting values) 1) 

Voltages 

Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector -emitter voltage (Rap < 10 &2) 


Emitter-base voltage (open collector) 


Current 


Collector current (d.c.) 


Power dissipation 


Total power dissipation up to Lambe” 25°C 
up to Toage = 100 sd 
up to Toase = 25 °C 


Temperatures 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 
From: junction to ambient in free air 


From junction to case 


120 V 

80 V 
100 V 
Ee Ne 
5900 mA 
0.8 W 
1.7 W 
3.0 W 


200 °% 
219 °C/w 
58.3 °C/W 


1) Limiting values according to the Absolute Maximum System as defined in IEC 


publication 134. 


June 1968 


2N1893 


CHARACTERISTICS 
Collector cut-off current 

In = 0; Vop = 20V 

Le 02 Vag = 00: Ve Tt Ss150 “C 
Emitter cut-off current 


Collector-emitter sustaining voltage ly 


Ta = 100 mA; Rap 2 102 
Ta = 30 mA; I, = 0 


saturation voltages 1) 
Iq = 150 mA; In =15 mA 


Ia 50 mA; Ip = 5mA 


Breakdown voltages 
In = 0; Iq = 100 vA 


Ta = 0; I, = 100 vA 


D.C. current gain 
= . Z . = cc O 
Ia = 10 mA; Vor = 10 “i = =-55 °C 
Ta = 10 mA; VCR =10V-) 


Ig = 150 mA; Vog = 10V}) 


logo 
ICBO 


TEBO 


VCER sust 
VCEO sust 


VCE sat 
VBE sat 


VCE sat 
VBE sat 


V(BR) CBO 
V(BR) EBO 


ly Measured under pulsed conditions to avoid excessive dissipation. 


Pulse duration t < 300 us, duty cycle 6 < 0.02 


< 10 
LS 
< 10 
> 100 
> 80 
< 5.0 
bo 
Me Aad, 
< 0.9 
> 120 
> 7.0 
> 20 
20 

> 35 
40 to 120 


Tamb = 25 CC unless otherwise specified 


nA 
WA 


nA 


qe SS 


wa. bt «4 


2N1893 


CHARACTERISTICS (continued) Tamb = 29 CC unless otherwise specified 


h parameters at f = 1 kHz (common base) 


Iq = 1mA; Vop=5V 


Input impedance hip 20 to 30 Q 
Reverse voltage transfer ratio hyp [3295 1074 
Output conductance Lee 0.5 youl 
Ic =5 mA; Vog = 10V 

Input impedance hip 4to8 
Reverse voltage transfer ratio heb L200 1074 
Output conductance Nob 0.5 youl 


Small signal current gain (common emitter) 


Ic = 1mA; Vog= 5V; f= 1 kHz hee 30 to 100 
Ic = 5mA; Vog = 10 V3 £ = 1 kHz bee > 45 
Ic = 50 mA; Vo = 10 V; f = 20 MHz hpe > 2.5 
Collector capacitance 
Emitter capacitance 
Ig = 1, = 0; Vag =90.5V Ce < 85 pF 


4 | June 1968 


2N2218 
2N2218A 


<_4-—- 
SILICON PLANAR EPITAXIAL TRANSISTORS 
N-P-N transistors in a TO-39 metal envelope with the collector connected to the case. They are primar- 
ily intended for high speed switching. The 2N2218 is also suitable for d.c. and v.h.f./u.h.f. amplifiers. 
QUICK REFERENCE DATA 
2N2218 | 2N2218A 
Collector-base voltage (open emitter) VCBO  _—max. 60 75 OV 
Collector-emitter voltage (open base) VCEQ max. 30 40 V 
Collector current (d.c.) Ic max. 800 800 mA 
Total power dissipation up to Tamp = 25 OC Prot max. 0,8 08 W 
Junction temperature Tj max. 175 175 OC 
D.C. current gain at Tj = 25 oC 
Ic = 10 mA; Vcge = 10 V ee es 35 35 
Transition frequency at f = 100 MHz 
Ic = 20 mA; Veg = 20 V it > 250 250 MHz 
Storage time 
Ic = 150 mA; Ip =—Ipy= 15 mA ts < _ 225 ns 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 
Collector connected to case — 
0,86 ae = 
£45 — 
aN | : = 
Yost 
VW ‘ SF] max 
max a —— 
c 1 oy 
ls 65 ole a —" 72593224 
max 
Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 
@ Products approved to CECC 50 004-029, available on request. . —— 
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2N2218 
2N2218A 


RATINGS Limiting values inaccordance with the Absolute Maximum System (IEC 134) 
2N2218 | 2N2218A 


Voltages 


Collector -base voltage (open emitter) 
Collector -emitter voltage (open base) 


Emitter-base voltage (open collector) 


Current 


Collector current (d.c.) 


Power dissipation 


Total power dissipation up to Tamp = 29 PC 


lip to: Teage = 25 0C 


Temperatures 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 


From junction to case 


CHARACTERISTICS 
Collector -cut-off current 


Ip = 0; Vop = 50 V 


Iz = 03 Vop = 50 V3 Tamb = 150 °C 
Ip = 0; Vcp = 60 V. 
In = 0; Vop = 60 V; Tamb = 150 is & 


Emitter cut-off current 


Ic = 0; Vpgt3V 


Currents at reverse biased emitter junction 


VCE = 60 V; -VBR =3V 


1) Applicable up to Ic = 500 mA 


Prot 


Prot 


stg 


Rth j-a 
Reh j-c 


max, 800 mA 


max. 3. W 


-~65 to +200 °C 
max. 175 OC 


190 o0C/W 
50 °C/W 


45 = 25 °C unless otherwise specified 


ICBO 
ICBO 
ICBO 
ICBO 


IEBO 


IcEX 
-IBEX 


AN A A A 


2N2218} 2N2218A 
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2N2218 
2N2218A 


CHARACTERISTICS (continued) T; = 25 OC unless otherwise specified 


J 
IN? 
Breakdown voltages 2N2218 | 2N2218A 


Ip = 0;I¢ = 10 uA V(BR)CBO ¥ 
Ip = 0; IG = 10 mA V(BR)CEO V 
Ic = 0; Ip = 10uA V(BR)EBO V 
Saturation voltages !) 
Io = 150 mA; Ip = 15 mA VCEsat V. 
Vy 
VBEsat V 
Ic = 500 mA; Ip = 50 mA VCEsat . 
VBEsat Vv 
D.C, current gain 
Io =Q.1 mA; Vcp =10V hep > 20 20 
Io = |mA;VcR=10V her > 25 25 
Ic = 10 mA; VCE =10V hep > 35 oO 
Ie = 10 mA; Vep = 10V; Tamb==99°C 3fpp > — 15 
Ic = 150 mA; Vcg= 1 V!) hPRE > ° 20 20 
Ic = 150 mA; Veg = 10 VL) hep 40 to 120 | 40 to 120 
Io = 500 mA; Vcg = 10 V +) hEE > 20 25 
Transition frequency at f = 100 MHz 
Ic = 20 mA; Vog = 20 V ae > 250 250 MHz — 
Collector capacitance at f = 100 kHz — 
Ip le = 0; Vop = 10 V Co < 8 8 pF 
Emitter capacitance at f = 100 kHz 
Io = 1, = 0; Veg = 0.5 V Ce < - 25. pF 
Feedback time constant at f = 31.8 MHz 
Io = 20 mA; VCR = 20 V Yb Co < = 150 ps 


1) pulse duration < 300 us; duty cycle < 2%. 
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2N2218 
2N2218A 


$4 
4 


CHARACTERISTICS (continued) 


h parameters (common emitter) 


Iq = 1 mA; Vcp=10V;f = 1 kHz 
Input impedance 

Reverse voltage transfer ratio 
Small signal current gain 

Output admittance 

Iq = 10 mA; Vog = 10 V; f = 1 kHz 


Input impedance 

Reverse voltage transfer ratio 
Small signal current gain 
Output admittance 


Ic = 20 mA; Vcr = 20 V; f = 100 MHz 
Small signal current gain 
Iq = 20 mA; Vog = 20 V; f = 300 MHz 


Real part of gynput impedance 


Switching times for 2N2218A 


Turn on time when switched from 


~Vpr = 0.5 V tol¢ = 150 mA; Ip = 15 mA 


Delay time 
Rise time 


Test circuit: 


Pulse generator: 


pulse duration- to < 200 ns 
rise time th Ss 2ns 
4 


kQ 
10-4 


pol 


k2 
1074 


yor! 


T; = 25 °C 
2N2218A 
Nie 1 ta 335 
Are = 5 
Nee 30 to 150 
Hoe 3 to 15 
Nie 0.2 to 1.0 
Dre < 2.0 
hfe 90 to 300: 
Noe 10 to 100 
2N2218 | 2N2218A 

ge 
Re(h,.) 


Oscilloscope: 

input resistance Ry > 100 k&2 
input capacitance C; < 12 pF 
rise time tie oS ons 
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2N2218 
2N2218A 


Silicon planar epitaxial transistors 


Switching times for 2N2218A Tj = 25 OC unless otherwise specified 


Turn off time 
lc = 150:mA; Ip = —lpyy=15mMA 


Storage time ts < 225 ns 
~ Fall time te <  60ns 
Test circuit: 


0 —— 
time 
Vo 
oscilloscope 
—-13,8V 
ke ee aa LeSeGTe 7285736 
Vcc =+ 30 V; Vag =—3 V; R1=1kQ; R2 = 200 QO; R3 = 20 kQ; R4 = 50 Q; D1 = 1N916. 
Pulse generator: Oscilloscope: 
fall time i = 5 ns input impedance Rj; > 100 kQ 
input capacitance Cj; < 12 pF 
rise time trp < 5 ns 
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SILICON PLANAR EPITAXIAL TRANSISTORS 


2N2219 
2N2219A 


ee _ 
a 


N-P-N transistors ina TO-39 metal envelope with the collector connected to the case. They are primar- 
ily intended for high speed switching. The 2N2219 is also suitable for d.c. and v.h.f./u.h.f. amplifiers. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector current (d.c.) 

Total power dissipation up to Tamp = 25 OC 
Junction temperature 


D.C. current gain at Tj = 25 CC 
Ic = 10 mA; Vcg = 10 V 
Transition frequency at f = 100 MHz 
Ic = 20 mA; Vcg = 20 V 


Storage time 
Ic = 150 mA; Ip = —I py = 15 mA 


MECHANICAL DATA 
Fig. 1 TO-39. 
Collector connected to case 


Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 


S Products approved to CECC 50 004-029, available on request. 


2N2219 | 2N2219A 


VCBO max. 60 75 MV 
VCEO max. 30 40 V 

Ic max 800 800 mA 
Prot max 0,8 0,8 W 

Tj max 175 175 OC 
hee > 75 75 

fy > 250 300 MHz 


Dimensions in mm 
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2N2219 
2N2219A 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages 2N2219 | 2N2219A 
Collector-base voltage (open emitter) VCBO 

Collector-emitter voltage (open base) VCEO 

Emitter-base voltage (open collector) VEBO 

Current 

Collector current (d.c.) Io max, 800 mA 


Power dissipation 


Total power dissipation up to Tamb = 25 °C Prot max. 0.8 W 
up to Tease = 25 °C Prot max, 3. W 

Temperatures 

Storage temperature T stg -65 to +200 OC 

Junction temperature ae max, 7a. 2268 


THERMAL RESISTANCE 


From junction to ambient in free air Rth j-a = 190 OC/W 
From junction to case Rth j-c = 50 °C/W 
— CHARACTERISTICS T; = 25 °C unless otherwise specified 
— Collector cut-off current 2N2219 | 2N2219A 
Ip = 0; Vcp = 50 V IcBo < 
In = 0; Vcp = 50 V; Tamp = 150 OC ICBO < 
Im = 0; Vop = 60 V ICBO < 
In = Q; VcB = 60 V; ey = 150 °C IcBo < 
Emitter cut-off current 
Ic =0; Vep= 3V IEFBO < 
Currents at reverse biased emitter junction 
I < 
VcE = 60 V; -VgE = 3V wits 


1) Applicable up to Ic = 500 mA 
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2N2219 


2N2219A 
CHARACTERISTICS (continued) T, = 25 °C unless otherwise specified 
Breakdown voltages : 2N2219 2N2219A ' 
Ip = 0; Ic = 1l0uUA V(BR)CBO > V 
Ip = 0; Iq = 10 mA V@R)CEO 7 V 
Ic = 0; Ip = 10 pA V@R)EBO > V 
Saturation voltages 1) 
Ic = 150 mA; Ip = 15 mA Vicker = Vv 
> V 
VBEsat =< V 
2 : - VCEsat = V 
Ic = 500 mA; Ip = 50 mA 
: VBEsat = V 
D.C. current gain 
Ic = 0.1 mA; VcR = 10V HER > 
Ic = 1mA; Vor =10V herp > 
Ic = 10 mA; Vcr = 10V her > fo 72 
Ic= 10mA; Vor = 10 V3 Tamb=-55°C hpg > - a5 
Ic = 150 mA; Veg = IV!) HER = 50 50 
Ig = 150 mA; Vor = 10 V /) APE 100 to 300 |100 to 300 
Ic = 500 mA; Vcp = 10 V 1) hFRE > 30 40 
Transition frequency at f = 100 MHz 
Ia = 20 mA; VcR = 20 V fT > 250 300 MHz —_ 
Collector capacitance at f = 100 kHz oui 
In = Ie = 0; Vop=10V Ce < 8 8 pF 
Emitter capacitance at f = 100 kHz 
Ic = 1, = 03 Vag 70.5 V Cy < - 25 pF 
Feedback time constant at f = 31.8 MHz 
Ic = 20mA; VcR=20V - Lp! Ce < = 150 ps 


1) Pulse duration < 300 us; duty cycle < 2%. 


July 1969 ) 
I 


2N2219 


2N2219A 
CHARACTERISTICS (continued) Ey? Ze OC ui 
h parameters (common emitter) | 
Ic = I1mA; VcR = 10 V; f= 1 kHz 2N2219A 
Input impedance Die 2 to 8 kQ 
Reverse voltage transfer ratio Dre < 8 1074 
Small signal current gain hfe 50 to 300 
Output admittance hoe Sto 35 uQrul 
Ic = 10 mA; VcRp = 10 V; f = 1 kHz 
Input impedance hie 0.25to 1.25 kQ 
Reverse voltage transfer ratio Dre < 4 1074 
Small signal current gain ge 75 to 375 
Output admittance hoe 25to 200 pam! 
Ic = 20 mA; Vor = 20 V; f = 100 MHz 
Small signal current gain hfe 
Ic = 20 mA; Vcr = 20 V; f = 300 MHz 
Real part of input impedance Re(hje) 


Noise figure at f = 1 kHz 
le = 0.1 mAs Ven = 10 
Rq@= 1 k&Q; B= 1 Hz F 


Switching times for 2N2219A 
Turn on time when switched from 
-VBpE = 0.5 V to Ic = 150 mA; Ip=15mA 


Delay time tq < 10 ns 
Rise time tr 


A 
) 
on 
5 
on 


Test circuit: 


oscilloscope 


Vj 


Pulse generator: Oscilloscope: 

pulse duration tp < 200 ns input resistance Rj > 100 kQQ 

rise time tr < 2ns input capacitance Cj < 12pF 
rise time try < 5ns 


4 ; July 1969 


2N2219 
2N2219A 


Silicon planar epitaxial transistors 


Switching times for 2N2219A = 25 °C unless otherwise specified 


Turn off time 
Ic = 150 mA; Ip = —Ipyy=15mA 


Storage time - tt < 225 ns 
Fall time te < 60 ns 
Test circuit: ) 

V, YGG 


time 
Vo 
oscilloscope 
-13,8V 
—»] ty |~<«—— 100 ps ——» 
7Z88673 Va deus 
Vcc =+ 30 V; Veg = —-3 V; R1 = 1kQ; R2 = 200 Q; R3 = 20 kQ; R4 = 502; D1 = 1N916. 
Pulse generator: ; Oscilloscope: 
fall time te < 5ns inputimpedance R; > 100 kQ 
input capacitance Cj; < 12 pF 
rise time tro o< 5 ns 


October 1982 5 


“SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in a TO-18 metal envelope with the collector connected to the case. They are primar- 
ily intended for high speed switching. The 2N2221 is also suitable for d.c. and v.h.f./u.h.f. amplifiers. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VCBO V 
Collector-emitter voltage (open base) VCEO V 
Collector current (d.c.) Ic mA 
Total power dissipation up to Tampb = 25 °C Prot W 
Junction temperature Tj oc 
D.C. current gain at Tj = 25 OC 
Ic = 10 mA; Veg = 10 V hee 
Transition frequency at f = 100 MHz 
Ic = 20 mA; VcgE = 20 V f+ MHz 
Storage time 
Ic = 150 mA; Ip = —lIpy = 15 mA te ns 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-18. 
Collector connected to case 
x Yost 
48 Amax 
max 
Y 


Accessories: 56246 (distance disc). 


| 3 7 
max 2, 
7Z69420.1 


@ Products approved to CECC 50 004-030, available on request. 


October 1982 


2N2221 
QN2221A 


_ 
— 


2N2221 
2N2221A 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (I1EC 134) 
2N2221 | 2N2221A 


Collector-base voltage (open emitter) VcBO max. V 
Collector-emitter voltage (open base) VCEQO max. V 
Emitter-base voltage (open collector) VEBO max. V 
Collector current (d.c.) Ic max. mA 
Total power dissipation 
up to Tamb = 25 PC Prot max. 0,5 Ww 
up to Tease = 25 OC Prot max. 1,2 W 
Storage temperature Tstg —65 to + 200 °C 
Junction temperature Tj max. 200 OC 
THERMAL RESISTANCE 
From junction to ambient in free air Rthj-a = 350 K/W 
From junction to case Rthj-c = 146 K/W 


CHARACTERISTICS 
i= 25 OC unless otherwise specified 


Collector cut-off current 


Ie = 0; Vcg =50V oS 
IE = 0; Vcp = 50 V; Tamb = 150 OC ceo 
Ie = 0: Vop = 60 V IcBo.—l < 
eecicee le = 0; Veg = 60 V; Tamb = 150 OC icBO 
— Emitter cut-off current 
——— Ic=0;Veg=3V = 
eet i aaa junction ICEX iS | 
CE = ;—Vpe = —IBEx < 


* Applicable up to Ic = 500 mA. 


2 October 1979 


2N2221 


2N2221A 
CHARACTERISTICS (continued) ae = 25 OC unless otherwise specified 
Breakdown voltages 2N2221 | 2N2221A 
Tp = 0; Ic = 10 UA V(BR)CBO > 60 75 =V 
Ip = 0; IG =10mA V(BR)CEO > 30 40 V 
Tc = 0; Ip = 10 uA V(BR)EBO > bs) 6 V 


Saturation voltages |) 


Ic = 150 mA; Ip = 15 mA VCEsat < 0.4 0.3 V 
Vy ? - 0.6 V 
BEsat = 1,3 12 V 
V < 1.6 10 V 
= A; Ip = 50 mA CEsat 
ate a Versat  < 2.6 2.0 V 
).C. current gain 
Ic = 0.1 mA; VcR = 10 V hpR > 20 20 
Ic = 1mA; Vor =10V hep > 29 29 
Ic = 10 mA; VCE =10V hPR > 35 35 
Ic = 10 mA; Vcr =10V; Tamb=-55°C hpr > - 15 
Ic = 150 mA; Vcp= 1V 1!) Der > 20 20 
Ic = 150 mA; Vcr = 10 V 1) hER 40 to 120 | 40 to 120 
Ic = 500 mA; Vcr = 10 V 1) hpE > 20 25 
Transition frequency at f = 100 MHz 
Ic = 20 mA; Vcr = 20 V ip > 250 250 MHz =e 
“Collector capacitance at f = 100 kHz — 
In = I, = 0; Vop = 10 V Ce < 8 8 pF 
Emitter capacitance at f = 100 kHz 
Ic =Ic = 0; Vep=0.5V Ce < = 25 pF 
Feedback time constant at f = 31.8 MHz 
Ic = 20 mA; Vor = 20 V Lp’ Co < = 150 ps 


!) Pulse duration < 300 us; duty cycle < 2%. 


July 1969 3 


2N2221 | : 
2N2221A 


CHARACTERISTICS (continued) T; = 25 °C 
h parameters (common emitter) 


Ic = 1mA; Vop = 10 V; f = 1 kHz 2N2221A 

Input impedance hie 1to 3.5 kQ 
Reverse voltage transfer ratio Hre < 5 1074 
Small signal current gain ge 30 to 150 

Output admittance Hoe 3to 15 youl 


Ic = 10 mA; VcR = 10 V; f = 1 kHz 


- Input impedance hie 0.2to1.0 kQ 
Reverse voltage transfer ratio hre < 2.5 1074 
Small signal current gain hfe 30 to 300 
Output admittance | Noe 10 to 100 uQn7t 
Ic = 20 mA; Vcr = 20 V; f = 100 MHz 2N2221 | 2N2221A 


Small signal current gain | fe 
Ic = 20 mA; Vcr = 20 V; f = 300 MHz 
Real part of input impedance Re(hje) 


Switching times for 2N2221A 


Turn on time when switched from 
-VBk = 0.5 V to Ic = 150 mA; Ip = 15 mA 


Delay time td < 10 ns 
Rise time tr < 29 ns 


Test circuit: 


oscilloscope 


7 721017 
Pulse generator: Oscilloscope: 
pulse duration tp < 200 ns input resistance Ry > 100 kQ 
rise time tr S 2ns . input capacitance C; < 12pF 
rise time th < sns 


4 | July 1969 


2N2221 
2N2221A 


Silicon planar epitaxial transistors 


Switching times for 2N2221A Tj = 25 °C unless otherwise specified 


Turn off time 
Ic = 150 mA; Ip = —I py = 15 mA 


Storage time ts << 225 ns 
Fall time te < 60 ns 
Test circuit: 
V, Vee 
+16,2V 
0 V, te 
time 
Vo 
oscilloscope 
cas ee oe : 
| 
—»! t¢ |-«—— 100ys ———»! 7288673 Wag 7285736 
Vcc = +30 V; Vag = -3 V; R1 = 1kQ; R2 = 200 Q; R3 = 20 kQ; R4=50 0; D1 = 1N916. 
Pulse generator: Oscilloscope: 
fall time: te < 5 ns inputimpedance Rj; > 100 kQ 
input capacitance C; < 12 pF 
rise time to< 5 ns — 


October 1982 5 


2N2222 
2N2222A 


ee _ 
SILICON PLANAR EPITAXIAL TRANSISTORS a 
N-P-N transistors in a TO-18 metal envelope with the collector connected to the case. They are primar- 
ily intended for high speed switching. The 2N2222 is also suitable for d.c. and v.h.f./u.h.f. amplifiers. 
QUICK REFERENCE DATA 
2N2222 | 2N2222A 

Collector-base voltage (open emitter) VCBO max. 60 75 WV 
Collector-emitter voltage (open base) VCEQ max. 30 40 V 
Collector current (d.c.) Ic max. 800 800 mA 
Total power dissipation up to Tamb = 25 PC Prot max. 0,5 05 W 
Junction temperature Tj max. 200 200 °C 
D.C. current gain at Tj = 25°C 

lc = 10 mA; VcE = 10 V hee > 75 75 
Transition frequency at f = 100 MHz 

Ic = 20 mA; Vcg = 20 V fT > 250 300 MHz 
Storage time 

Ic = 150 mA; Ip =—I py = 15 mA ts < — 225 ns 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-18. 
Collector connected to case ee 

r{ —Yo,51 
48 ymax 
max 
v 
bee gla 12,7 min ——~ 
7269420,1 
Accessories: 56246 (distance disc). 
<—.. 


{= Products approved to CECC 50 004-030, available on request. 
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2N2222 
2N2222A 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
2N2222 | 2N2222A 


Collector-base voltage (open emitter) Vepo max. V 
Collector-emitter voltage (open base) VCEQ max. V 
Emitter-base voltage (open collector) VEBO max. V 
Collector current (d.c.) Ic max. mA 
Total power dissipation 
up tO Tamb = 25 PC Prot max. 0,5 W 
up tO Tease = 25 PC Prot max. 1,2 W 
Storage temperature Tstg —65 to + 200 °C 
Junction temperature Tj max. 200 OC 
THERMAL RESISTANCE 
From junction to ambient in free air Rthj-a = 350 K/W 
From junction to case Rthj-c = 146 K/W 


CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 


2N2222 | 2N2222A 
Collector cut-off current 


le =0; Vep = 50 V ICBO < 

le = 0; Vcp = 50 V; Tampb = 150 9C ICBO < 

le = 0; Vop = 60 V ICBO < 

le = 0; Veg = 60 V; Tamb = 150 OC ICBO < 
Emitter cut-off current 

Ic=0;Vep=3V lERO ms 
Currents at reverse biased emitter junction lcex < 

Vcge =60V;-Vpp=z3V ine < 


* Applicable up to Iq = 500 mA. 


October 1979 


2N2222 
2N2222A 


CHARACTERISTICS (continued) T i- 25 OC unless otherwise specified 


Breakdown voltages 2N2222 | 2N2222A 


Ip =O; 1G = LOA V(BR)CBO V 

Ip = 0; 10 = 10 mA V(BR)CEO V 

Ic = O; Tp = LOA V(BR)EBO V 
Saturation voltages 1) 

Ic = 150 mA; Ip = 15 mA VCEsat V 

Vy V 
BEsat V 
V V 

Ic = 500 mA; Ip = 50 mA CEsat 

: VBEsat Vv 
D.C. current gain 

Iq = 0.1 mA; VcE = 10 V hFR > 35 35 

Io = 1lmA;VcE=z10V DER = 90 50 

Ic = 10 mA; Vcp=10V hFEE > 13 795 

Ic = 10 mA; VocR = 10 V3; Tamb=-55°C hrp > - 35 

Ic = 150 mA; Vog = 1V!) hfRE > 50 50 

Ic = 150 mA; VcR = 10 V 1) hER 100 to 300 | 100 to 300 

Ic = 500 mA; Vcp = 10 V 1) hFE > 30 40 
Transition frequency at f = 100 MHz 

Ic = 20 mA; Vcr = 20 V fr > 250 300 MHz — 
Collector capacitance at f = 100 kHz —_ 
Ip =Ie =0; Vop=10V Ce <8 8 pF 
Emitter capacitance at f = 100 kHz 

Io =I, = 0; VEB = 0.5 V Ce < - 25 pF 
Feedback time constant at f = 31.8 MHz 

Iq = 20 mA; VCE = 20 V Lp Co < - 150 ps 


l) Pulse duration < 300 us; duty cycle < 2%. 


a i 


2N2222 


2N2222A 

CHARACTERISTICS (continued) T; = 25 °9C imme 

h parameters (common emitter) 

2N2222A 

le? mAs Vep = 10 'V3f = 1: Koz rey ee 
Input impedance hie 2to 8 kQ 
Reverse voltage transfer ratio lve < 8 10-4 
Small signal current hfe s0 to 300 
Output admittance hoe 5to 35 ug 
Ic = 10 mA; Vcr = 10 V;f = 1 kHz 
Input impedance Nie O.25tol.25 kQ 
Reverse voltage transfer ratio Dre < 4 1074 
Small signal current gain hee 75 to 375 
Output admittance Noe 25to 200 uorl 
Io = 20 mA; Vcp = 20 V; f = 100 MHz 2N2222 | 2N2222A 
Small signal current gain Ate e250 
Ic = 20 mA; Vor = 20 V; f = 300 MHz 
Real part of input impedance Re(hjie) < Q 


Noise figure at f = 1 kHz 


Io = 0.1 mA; VoR = 10 V 
Rg = 1kQ;B=1 Hz F < 


Switching times for 2N2222A 


Turn on time when switched from 
-VpR = 0.5 V tolIc = 150 mA; Ip = 15 mA 


Delay time tq < 10 ns 
Rise time t < 25 ns 
Test circuit: +30V 
200.0 
\o 
oscilloscope 
Vi 
% 7210017 

Pulse generator: Oscilloscope: 
pulse duration tp = 200 ns input resistance Ry > 100k 
rise time tr < 2ns input capacitance C; < 12pF 

rise time te = 5 ns 

4 July 1969 


2N2222 
2N2222A 


Silicon planar epitaxial transistors 


Switching times for 2N2222A Tj = 25 °C unless otherwise specified 


Turn off time 
Ic = 150 mA; Ip = —Ipyy = 15 mA 


Storage time ts < 225 ns 
Fall time te o< 60 ns 
Test circuit: 


time 
Vo 
oscilloscope 


—»!| tp |<«——— 100yus ——-_» 


7Z88673 7285736 


Vcc =+ 30 V; Veg = —3 V; R1 = 1kQ; R2 = 200 2; R3 = 20 kQ; R4 = 50 2; D1 = 1N916. 


Pulse generator: Oscilloscope: 

fall time te < 5 ns inputimpedance Rj; > 100 kQ2 
input capacitance Cj; < 12 pF 
rise time t < 5 ns 
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2N2297 


SILICON PLANAR EPITAXIAL TRANSISTOR 


N-P-N transistor intended for large signal h.f. and v.h.f. amplifier applications. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcBO max. 80 V 
Collector-emitter voltage (open base) VCEO max. 35 V 
Collector current (d.c.) Ic max. 1,0 A 
Total power dissipation up to Tamp = 25 OC Prot max. 0,8 W 
Junction temperature Tj max. 200 °C 
D.C. current gain 

Ic = 150 mA; VcgE = 10 V hee 40 to 120 
Transition frequency at f = 20 MHz 

Ic = 50 mA; VcE = 10 V fT > 60 MHz 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-39; collector connected to case. 


j pon 081 
~ max 
8,5 — 
max 
—— 
putea ve a 72593221 


Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 


May 1979 


2N2297 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Collector-base voltage (open emitter) VCBO max. 80 V 
Collector-emitter voltage (open base) VCEO max. 35 V 
Emitter-base voltage (open collector) VEBO max. 7,0 V 
Collector current (d.c.) Ic max. 1,00 A 
Total power dissipation / 
up to Tease = 25 PC Prot max. 5,0 W 
up to Tease = 100 OC Prot max. 2,8 W 
up to Tampb = 25 OC Prot max. 0,8 W 
Storage temperature T stg —65 to +200 °C 
Junction temperature - Tj max. 200 °C 


THERMAL RESISTANCE 
From junction to case Rthj-c = 35 K/W 
From junction to ambient in free air Rth j-a = 219 K/W 


May 1979 


Silicon planar epitaxial transistor 


CHARACTERISTICS 
Tamb = 25 OC unless otherwise specified 
Collector cut-off current 
le =0; Vcp =60V 
le = 0; Vcp = 60 V; Tamp = 150 OC 
Emitter cut-off current 
lc = 0; Veg = 5,0 V 
Collector-emitter sustaining voltage* 
Ic = 30 mA; Ip = 0 
Saturation voltages* 
Ic = 150 mA; |p =15mA 


Ic=1A;!p = 100 mA** 


D.C. current gain* 
Ic= 10mA; VcE = 10 V 


Ic = 150 mA; Vcg = 10 V 
Ilc= 1,0A;VcE=10V 
Feedback time constant 
Ic = 10 mA; Vop = 10 V; f = 4,0 MHz 
Collector capacitance at f = 500 kHz 
le = le = 0; Vep=10V 
Emitter capacitance at f = 500 kHz 
Ic =1,=0; Veg =0,5 V 
Transition frequency at f = 20 MHz 
Ic = 50 mA; Veg = 10 V 


ICBO 
ICBO 


lEBO 
VCEOsust 
VCEsat 


VCEsat 
VBEsat 


hFE 
hFE 
hFE 


bb: Ch’c 
Ge 
Ce 


fT 


2N2297 


< 10 nA 
< 10 vA 
< 10 nA 
> 35 V 
< 02V 
< 1,0 V 
< 1,6 V 
> 30 
40 to 120 
eS 15 
<. 800 ps 
< 12 pF 
< 80 pF 
> 60 MHz 


* Measured under pulse conditions to avoid excessive dissipation: tp = 300 ps; 6 < 0,01. 


** Measured with a lead length of 1 cm. 
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2N2368 
2N2369 


SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in a TO-18 metal envelope with the collector connected to the case. The 2N2368 and 
2N2369 are primarily intended for use in very high-speed saturated switching and v.h.f. amplification. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector current (peak value) 


Total power dissipation up to Tampb = 25 PC 


Junction temperature 
D.C. current gain at Tj = 25 oC 
Ic = 10 mA; Vege zt V 


Transition frequency 
Ic = 10 mA; Vcg = 10 V 


Storage time 
lc=lp=—lpy=10mA 


MECHANICAL DATA 
Fig. 1 TO-18. 
Collector connected to case 


1,16 
max 4 45° 7) 
ANB | 


Accessories: 56246 (distance disc). 


2N2368 
2N2369 


2N23638 
2N2369 


2N2368 
2N2369 


VcBO 
VCEO 
ICM 
Prot 


a 12,7min ——> 


72694201 


max. 40 V 
max. 15 V 
max. 500 mA 
max. 360 mW 
max. 200 °C 
20 to 60 

40 to 120 


> 400 MHz 
> 500 MHz 


< 10 ns 
< 13 ns 


Dimensions in mm 


Yost 
~ Amax 


November 1979 


RATINGS (Limiting values) !) 


Voltages 

Collector-base voltage (open emitter) VCBO max. 40 V 
Collector-emitter voltage (open base) VCEO max. 15 V 
Collector-emitter voltage with Vpr = 0 VCES max. 40 V 
Emitter-base voltage (open collector) VEBO max. 4.5 V 
Current 

Collector current (peak value; t = 10 us) ICM max. 500 mA 
Power dissipation 

Total power dissipation up to Tamb = 25 °C Prot max. 360 mW 
Temperatures 

Storage temperature T stg -65to+200 °C 
Junction temperature Tj max. 200 OC 
THERMAL RESISTANCE 

From junction to ambient in free air Rthj-a = 0.48 °C/mW 
From junction to case Rthj-c = 0.145 °C/mW 


1) Limiting values according to the Absolute Maximum System .as defined in 
IEC publication 134. 


June 1968 


CHARACTERISTICS 
Collector cut-off current 
In = 0; VcB = 20 V 
be = 07 V ep = 20: V; T; = 150°C 


Sustaining voltage 1) 
l@= 10: mA; Ip.= 0 


Saturation voltages 
Ic = 10 mA; Ip = 1 mA 
Collector capacitance at f = 140 kHz 


Ip =TIe = 0; VopzsoV 


1).C. current gain 1) 


Ig ='10mA; Vog =1V 


Iq = 100 mA; VCE 


J 


2V 


Transition frequency 
Ic = 10 mA; Voz =10V 


1V; T;=-55°9C 


Tj = 25 °C unless otherwise specified 


ICBO 
ICBO 


VCEOsust 


VcEsat 
VBEsat 


2N2368 


< 0.4 
< 30 
= 15 
< 0.25 
0.7 to 0.85 
< 4 

2N 2369 


20 to 60 | 40 to 120 


10 
10 


> 400 


20 
20 


900 


|) Measured under pulsed conditions to avoid excessive dissipation 


Pulse duration t = 300 us; duty cycle 6 = 0.01 


June 1968 


UA 
HA 


vty 


pF 


MHz 


2N 2368 
2N2369 


CHARACTERISTICS (continued) Tj = 29 eC 


Storage time 
2N2368 
2N2369 


Ic = Ip = -Ipm = 10 mA 


Test circuit: 1) 


—10°%o 
| 
o____! 
Point A 
eae a 
| 
| 
| =H — 10% 
Turn on time “on tS, 
Ic = 10 mA; Ip = 3 mA; -VpR = 1.5 V ton < 12 ns 
Turn off time 
. ae ; e 2N2368 toff < 15 ns 
Ic = 10 mA; Ip = 3 mA; -IBM=1.5 mA IN2369 -—=s tofe <«18sons 


Test circuit: 1) 


ton Vap=-3V = +3V — 4 —90% 
tore Veg = t12V | ton | 
1) Pulse generator: | Oscilloscope: 
Pulse duration t 2 300 ns Rise time tr < 1 ns 
Duty cycle 6 < 0.02 Input impedance Ri = 50 2 
Rise time tr < 1 ns 
Source impedance Rs = 30 22 


4 June 1968 


2N2369A 


SILICON PLANAR EPITAXIAL TRANSISTOR 


N-P-N transistor in a TO-18 metal envelope primarily intended for high-speed saturated switching and 
high frequency amplifier applications. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcBo max. 40 V 
Collector-emitter voltage (open base) VCEO max. 15 V 
Collector current (peak value; ty = 10 ys) Icom max. 500 mA 
Total power dissipation up to Tamp = 25 OC Prot max. 360 mW 
Junction temperature qj max. 200 °C 
D.C. current gain at Tj = 25 oC 

Ic = 10 mA; Vor = 0,35 V hee > 40 

Ic = 10 mA; Vcr = 1,0 V hee < 120 
Transition frequency at f = 100 MHz 

Ic = 10 MA; Veg = 10V fr > 500 MHz 
Storage time 

lCon = !Bon = —!Boff = 10 mA ts < 13 ns 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-18. 


Collector connected to case. 


j Yo,51 
48 4max 
max 

v 


sel ee 12,7min ——> 
71269620.1 


Accessories: 56246 (distance disc). 
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2N2369A 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Collector-base voltage (open emitter ) VCBO max. 40 V 
Collector-emitter voltage (open base) 

Ic = 0,01 mA to 10 mA VCEO max. 15 V 
Collector-emitter voltage (Vpe = 0) VcES max. 40 V 
Emitter-base voltage (open collector) VEBO max. 4,5 V 
Collector current (d.c.) Ic max. 200 mA 
Collector current (peak value; tp = 10 us) lom max. 500 mA 
Total power dissipation up to Tamp = 25 °C Prot max. 360 mW 

UP tO Tease = 25 OC Prot max. 1200 mW 

UP to Tease = 100 PC Prot max. 680 mW 
Storage temperature Tstg —65 to + 200 °C 
Junction temperature Tj max. 200 °C 


THERMAL RESISTANCE 
From junction to ambient in free air Rthj-a = 486 K/W 
From junction to case Rthj-c = 146 K/W 


May 1979 


Silicon planar epitaxial transistor 


CHARACTERISTICS 
Tamb = 25 OC unless otherwise specified 
Collector cut-off current 

Vee =0; Veg = 20 V 

“Ie = 0; Veg = 20 V; Tamb = 150 OC 

Base current 

VBE =0; Vcg = 20 V 
Collector-base breakdown voltage 

open emitter; Ic = 10 uA 


Collector-emitter breakdown voltage 
Vee = 0; Io = 10 nA 

Emitter-base breakdown voltage 
open collector; Il_ = 10 vA 


Collector-emitter sustaining voltage* 
open base; Ic = 10 mA 


Saturation voltages 
Ic = 10 mA; Ip = 1,0 mA 


Ic = 10 mA; Ip = 1,0 MA; Tamp = 125 OC 
I¢ = 10 mA; IB = 1,0 MA; Tamph = —55 OC 
Ic = 30 mA; Ip = 3,0 mA 


Ic = 100 mA; Ip =10mA 
D.C. current gain* 
Ic = 10 mA; Vcg = 0,35 V 
I¢ = 10 mA; VcE = 0,35 V; Tamb = —55 OC 
Ic = 10 mA; Vcg = 1,0 V 
Ic = 30 mA; Vee =0,4 V 
Ic = 100 mA; VcgE = 1,0 V 
Collector capacitance at f = 140 kHz 
le = 1e=0; Veg =5,0 V | 
Transition frequency at f = 100 MHz 
Ic = 10 mA; Vcg = 10 V 


ICES 
ICBO 


—IBEX 

V(BR)CBO 
V(BR)CES 
V(BR)EBO 


VCEOsust 


VCEsat 
VBEsat 


VCEsat 
VBEsat 


VBEsat 


VCEsat 
VBEsat 


VCEsat 
VBEsat 


hFE 
hFE 


2N2369A 


< 0,4 pA 
< 30 yA 
< 0,4 pA 
> . 40 V 
> 40 V 
> 45 V 
> 15 V 
< 0,20 V 
0,70 to 0,85 V 
< 0,30 V 
> 0,59 V 
< 1,02 V 
< 0,25 V 
< 1,15 V 
< 0,50 V 
< 1,60 V 
> 40 

> 20 

< 120 

> 30 

> 20 

< 4,0 pF 
> 500 MHz 


* Measured under pulse conditions to avoid excessive dissipation: ty = 300 us; 6 < 0,02. 
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2N2369A 


Storage time (see Figs 2 and 3) 
ICon = !Bon = —!Botf = 10 mA 


Fig. 2 Storage time test circuit. 


Turn-on time (see Figs 4 and 5) 

ICon = 10 mA; IBon = 3 MA; —VBE off = 1,5 V 
Turn-off time (see Figs 4 and 5) 

ICon = 10 mA; IBon = 3mA; —|Boff == 1,5 mA 


Vi 


O,1uF 0,1 uF 


O e 
ton: Vag z-3V +3V 7279605 


toff: Vag =t12V 


Fig. 4 Turn-on and turn-off test circuit. 


Pulse generator: 


Rise time t 1 ns 
Pulse duraticn tp 2 300ns 
Duty factor 6 < 0,02 

Source impedance Rs = 50 22 


7279603 


ts < 13 ns 


Vi 


7279604 


Fig. 3 Waveforms at input, 
point A and output. 


ton < 12 ns 


toff < 18 ns 


+16V 0 10% 
Vv; Vi 
0 oe -15V 
90% 
Vo Vo 
90% 
—~| ton Il —| toff I 


7279606 


Fig. 5 Input and output waveforms. 


Oscilloscope: 
Rise time tt <S Ions 
Inputimpedance Rj; = 50 2 
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2N2483 
2N2484 


SILICON PLANAR TRANSISTORS 


N-P-N transistors in TO-18 metal envelopes with the collector connected to the case. 


These transistors are primarily intended for use in high performance, low-level, low-noise amplifier 
applications both for direct current and frequencies of up to 100 MHz. 


QUICK REFERENCE DATA 


2N2483 | 2N2484 


Collector-base voltage (open emitter) VcBO  _—max V 
Collector-emitter voltage (open base) VCEQ max V 
Collector current (peak value) lcm max mA 
Total power dissipation up to Tamph = 25 OC Prot max mW 
Junction temperature - Tj max OC 
D.C. current gain at Tj = 25 oC > 
Ic = 10 uA; VcpE=5V hee < 
lc= 1mA; VcE=5V hee > 
Ic=10mA; VcpE=5V hee < 
Transition frequency 
Ic =0,5 mA; Vcp=5V fT typ MHz 
Noise figure at Rg = 10 kQQ 
Ic = 10 vA; Veg = 5 V; B= 15,7 kHz F < dB — 
MECHANICAL DATA Dimensions in mm = 
Fig. 1 TO-18. = 


Collector connected to case 


ry Yo,s1 
48 4max 
max : 

yt 


psa alae 12,7 min ——-> 
7Z269420.1 


Accessories: 56246 (distance disc). 
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2N2483 
2N2484 


RATINGS (Limiting values) !) 


Voltages 

Collector -base voltage (open emitter) VCBO max ; 60 V 
Collector-emitter voltage (open base) VCEO max. 60 V 
Emitter -base voltage (open collector) VEBO max. 6 V 
Currents 

Collector current (peak value) low max. 50 mA 
Power dissipation 

Total power dissipation up to Tamb = 25 °C Prot max. 360 mW 
Temperatures 

Storage temperature T stg -65to+200 CC 
Junction temperature T; max. 200 °C 
THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a = 0.48 °C/mW 
From junction to case Rth j-c = 0.15 %C/mW 


!) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. ; 


2 June 1968 


2N2483 


2N2484 

CHARACTERISTICS. Tj = 25 °C unless otherwise specified 
Collector cut-off current 

Ip = 0; Vcp = 45 V ICBO < 10 nA 

Iz = 0; Vcp = 45 V; Tj = 150 [GC ICBO < 10 pA 
Emitter cut-off current 

Ic = 0; VEB=5 V IFBO < 10 nA 
Base-emitter voltage 

Ic = 0.1 mA; VcR=z5 V VBE 9:t0-0.7°° -V 
Collector-emitter saturation voltage 

Ic = 1 mA; Ip = 0.1 mA VCEsat < 350 mV 
D.C. current gain 2N2483 2N2484 

Ic = IluA; VoR=z5 Vv hfpE > * 30 

Ic = 10HA; VoR=SV hFE 40 to 120 | 100 to 500 

Ic = 10uHA; VCE =5 V; Tj = 55 °C hFE > 10 20 

Ico = 100HA; VoR=5 V hFE > 79 175 

Ic = 500 vA; VcR=z5 V hFE > 100 200 

Ic = ImA; VcRE=5 V hFE > 7D 250 ee 

Ic = 10 mA; Vop =5 V2) hFE < 500 800 — 


Collector capacitance at f = 1 MHz 


Ip =Ie =0; Vop=5V Ge 6 6 pF 


Emitter capacitance at f = 1 MHz 


Io =I, = 0; VEB=0.5 V Ce < 6 6 pF 


Transition frequency 


Ic = SOuUA; VCR =zA5 V ia > 12 15 MHz 
2 . : > 60 60 MHz 
iG eee NCE 2:V 'T typ. 80 80 MHz 


I) Measured under pulsed conditions to prevent excessive dissipation. 
Pulse duration t < 300 us; duty cycle 6< 0.01 


June 1968 | 3 


it 


2N2483 


2N2484 
CHARACTERISTICS (continued) Tj = 25 OC unless otherwise specified 
Noise figure 2N2483 2N2484 


Ic = 10UA; VCE =5 V; Rg = 10 kQ 


f = 100 Hz; bandwidth 20 Hz 
f= 1kHz; bandwidth 200 Hz 
f= 10 kHz; bandwidth 2 kHz 
Wide band: bandwidth 15.7 kHz 


h parameters at f = 1 kHz 


Ic = 1 mA; VCR=5 V 


Input impedance hje I1.5to 13]3.5to 24 kQ 
Reverse voltage transfer hre < 8. 8 10-4 
Small signal current gain hfe 80 to 450 | 150 to 900 

Output admittance hoe < 30 ! 40 pol 


4 June 1968 


2N2904 


ee 
SILICON PLANAR EPITAXIAL TRANSISTORS —_— 


P-N-P transistors in TO-39 metal envelopes designed primarily for high-speed switching and driver 
applications for industrial service. 


QUICK REFERENCE DATA 


“Collector-base voltage (open emitter) —VcCBO max. 60 V 
; ase 2N2904 —VCEQ max. 40 V 
Collector-emitter voltage (open base) 2N2904A —VcEq max. 60 V 
Collector current (d.c.) —Ic max. 600 mA 
Total power dissipation up to Tamb = 25 PC Prot max. 0,6 W 
Junction temperature Tj max. 200 9C 
D.C. current gain at Tj = 25 OC 
—Il¢ = 150 mA; —VcgE= 10 V hfe 40 to 120 
Transition frequency at f = 100 MHz 
—Ic¢ = 50 mA; —Vcg = 20 V; Tj = 25 OC fy > 200 MHz 
Storage time 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 
Collector connected to case. 
mae & 45°" 
@ e 
" e105 
amax 
8,5 =—=—-> 
max 
c Y —— 


- 
+ Bnei lose 


=z 94 _, 
max 


Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 


= Products approved to CECC 50 002-102, available on request. 
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2N2904A 


2N2904 
2N2904A 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


—-VCBO 


Collector-base voltage (open emitter) 


Collector-emitter voltage (open base) 
—Ie<100 mA 


Emitter-base voltage (open collector) 
Collector current (d.c.) 


Total power dissipation 
up to Tamb = 25 PC 


Up to Tease = 25 PC 
Storage temperature 
Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 


From junction to case 
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2N2904 
2N2904A 


—-VCEO 
-VCEO 


—VEBO 
—I¢ 


Prot’ 
Prot 
Tstg 


max. 60 V 
max. 40 V 
max. 60 V 
max. 5 V 
max. 600 mA 
max. 0,6 W 
max. 3,0 W 
—65 to +200 °C 
max. 200 °C 

292 K/W 

58 K/W 


Silicon planar epitaxial transistors 


CHARACTERISTICS 
Tamb = 25 OC unless otherwise specified 


Collector cut-off current 
le = 0; -Vcp = 50 V 


le = 0; —Vcp = 50 V; Tamb = 150 OC 
+Vpp = 0,5 V; -VcE = 30 V 


Base current 
+Vpp =0,5V;-Vcep =30V 


Collector-base breakdown voltage 
open emitter; -Ic = 10 HA 


Collector-emitter breakdown voltage * 
open base; —lc = 10 mA 


Emitter-base breakdown voltage 
open collector; —Il— = 10 uA 


Saturation voltages * 
—Ic = 150 mA; —Ip = 15 mA 


—l¢ = 500 mA; —Ilp = 50 mA 
D.C. current gain 

—Ic = 0,1 mA; —VcE = 10 V 
—Ic= 1mA;—Vce = 10V 
—lc = 10 mA; —VcE = 10 V 


—l¢ =150 mA; —Vcg = 10 V * 


—l¢ =500 mA; —Vcg = 10 V * 
Collector capacitance at f = 100 kHz 
le =!l,=0;-Vcp=10V 
Emitter capacitance at f = 100 kHz 
lc=l.-=0;-Vep=z2V 
Transition frequency at f = 100 MHz 
—lc = 50 mA; —Vcg = 20 V * 


2N2904 
2N2904A 


2N2904 |2N2904A 


—ICBO 
—IcBo 
—IcEXx 


IBEX 
—V(BR)CBO 
—V(BR)CEO 


—V(BR)EBO 
—VCEsat 
—VBEsat 


—VCEsat 
—VBEsat 


hFE 
hFE 
hFE 


hFE 


fT > 200 MHz 


* Measured under pulse conditions to avoid excessive dissipation: ty < 300 us; 6 < 0,02. 
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2N2904 
2N2904A 


Turn-on time (see Fig. 2) 
when switched to —ICon = 190 MA; —IBon = 15 MA 


delay time . tq < 10 ns 

rise time tp < 40 ns 

turn-on time ton <. 45 ns 
—30V 


Vo 
0 Vj 
-16V — 7282344 


Fig. 2 Input waveform and test circuit for determining delay, rise and turn-on time. 


Turn-off time (see Fig. 3) 
when switched from —!ICon = 150 MA; —IBon = 15 MA 
to cut-off with +lp orp = 15 mA 


storage time tt <<  80ns 

fall time te < 30 ns 

turn-off time toff < 100 ns 
+15V -—6V 


—30V — 


| | 7282345 


Fig. 3 Input waveform and test circuit for determining storage, fall and turn-off time. 


Pulse generator (see Figs 2 and 3) Oscilloscope (see Figs 2 and 3) 

frequency f =150Hz rise time tr oS 5 ns 
pulse duration tp = 200ns input impedance Zi = 10 MQ 
rise time tr < 2ns 


output impedance Zy = 5022 
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2N2904 
2N2904A 


Silicon planar epitaxial transistors 


7282346 


: 7282347 
EEE awaooan 
pa Ree eae 
fi BERR ERERRRRREA 
Deedes ae | 
Vs Mle (Pata dase Ps Meese belle | 
Ned ash ope ee Aes cp da le 


CCOY ECE 
OS 


= 

LT IA LA | Tt Pe 
TTA TT er CT er 

400 Pe 


Seas 
Ae cael ieecnnee | catpaneeni teses 
200 deeaa asad iessitasattacatieezz aaa 


oy Oo BEBE eee eRe eRe REE SERS eee Ree ESE 
0 20 40 60 —Vog (V) 80 


Fig. 5 Typical values; Tj = 25 OC. 
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2N2904 | 
2N2904A 


7282348 7282349 


ay eye Ga a 


i Bee 
(mA)LET TTT? TTT t At 
ERER REMERON PARR 
SRE REE Ree Ree 
Fl a ss 


400 a eae 
Pee || 


200 H+ 200 


ia me 
Seeger eee ee 
SELES LER Rees 


0 10 —Ip (mA) 20 0 1 —Vee (V) 2 


Fig.6 —Vcg = 5,0 V; Ty = 25 OC. Fig. 7 —Vce = 5,0 V; Tj = 25 OC. 


7Z82350 
a Geel a 


CECE 12N2904 
heel ap Nets A shea) cle 


20 
Pepe Meade estes elles eles 


ee 
eee 
oe i es 
fa Ste ste a ave lade ied 


a my, 
Rae eee ieee 
Efe ee eee opted aisle 
eee eee sees 
ee ad ote tel) ca Wea le dee D ea 
BESRERR eae eSeS 
aes sae 
lee eed 7 Pesto Me alallied 
eT le 


0 0,5 1 1,5 
Vee tv 


Fig. 8 —Vce = 5,0 V; Tj = 25 OC. 
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2N2904 
2N2904A 


Silicon planar epitaxial transistors 


7282351 7282352 
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0 10 —Ip (mA) 20 0 1 -Vpe (Vv) 2 
Fig. 9 —VcE = 5,0 V; Tj = 25 °C. Fig. 10 —VcE = 5,0 V; Tj = 25 °C. 


7Z82353 
ee ee as a ee 


a 
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ere 
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Aaah e ae eee 
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Fig. 11 —Vcg = 5,0 V; Tj = 25 OC. 
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2N2905 
2N2905A 


—_ 
SILICON PLANAR EPITAXIAL TRANSISTORS =—- 


P-N-P transistors in TO-39 metal envelopes designed primarily for high-speed switching and driver 
applications for industrial service. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) | —VcBO max. 60 V 


2N2905 -VcEQ max. 40 V 


Collector-emitter voltage (open base) 2N2905A —VcEG max. 60 V 


Collector current (d.c.) —Ic max. 600 mA 
Total power dissipation up to Tamb = 25 OC Prot max. 0,6 W 
Junction temperature Tj max. 200 °C 
D.C. current gain at Tj = 25 oC 

—Ic = 150 mA; —Vcg = 10 V hee 100 to 300 
Transition frequency at f = 100 MHz 

—!c¢ = 50 mA; —Vcg = 20 V; Tj = 25 oC fr > 200 MHz 
Storage time 

—ICon = 150 mA; —IBon = IBoft = 15 MA ts < 80 ns 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 


Collector connected to case. 


, | v 

f ios 
ma x ——l 

' a 


Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 


© Products approved to CECC 50 002-102, available on request. <— 
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2N2905 
2A2905A 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


—-VcBO 


Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 
—I¢<100 mA 

Emitter-base voltage (open collector) 

Collector current (d.c.) 


Total power dissipation 
up to Tamb = 25 OC 


UP to Tcoase = 25 OC 
Storage temperature 
Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 
From junction to case 
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2N2905 
2N2905A 


-VCEO 
—-VCEO 


—VEBO 


Prot 
Prot 
T stg 


qj 


Rth j-a 
Rth j-c 


max. 60 
max. 40 
max. 60 
max. 5 
max 600 
max. 06 
max. 3,0 
—65 to + 200 
max. 200 
= 292 
= 58 


K/W 


Silicon planar epitaxial transistors 


CHARACTERISTICS 


Tamb = 25 OC unless otherwise specified 


Collector cut-off current 
le = 0; —Vcp=50V 
le = 0; —Vcp = 50 V; Tamb = 150 OC 
+Vpe =0,5 V;-Ver = 30 V 


Base current 
+Vpe=0,5 V; —Vcg = 30 V 


Collector-base breakdown voltage 
open emitter; —Ic = 10 uA 


Collector-emitter breakdown voltage* 
open base; —lc = 10 mA 


Emitter-base breakdown voltage 
open collector; —Ip = 10 pA 


Saturation voltages* 
—lc = 150 mA; —Ilp =15 mA 


—lc¢ = 500 mA; —lp =50 mA 
D.C. current gain 

—Ic = 0,1 mA; —VcgE = 10 V 

-lc= 1mA;—VcgE=10V 

—Ic = 10mA;—Vcg = 10 V 


—Ic¢ = 150 mA; —Vcg = 10 V* 


—Ic = 500 mA; —Vcg = 10 V* 
Collector capacitance at f = 100 kHz 
Iz = 1e=0;-Vep=10V 
Emitter capacitance at f = 100 kHz 
Ic=1,=0;-Vepz2V 
Transition frequency at f = 100 MHz 
—Ic¢ = 50 mA; —Vcrg = 20 V* 


2N2905 


2N2905 | 2N2905A 


—lcBo 
—IcBo 
—ICEX 


IBEX 
—V(BR)CBO 
—V(BR)CEO 


—V(BR)EBO 
—VCEsat 
—VBEsat 


—VCEsat 
—VBEsat 


hFE 
hE 
hFE 


* Measured under pulse conditions to avoid excessive dissipation; ty < 300 ws; 6 < 0,02. 
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2N2905A 


2N2905 
2N2905A 


Turn-on time (see Fig. 2) 
when switched to —IlCon = 150 mA; —IBon = 15 mA 


delay time | tq < 10 ns 

rise time tr < = 40 ns 

turn-on time ton << 45 ns 
~30V 


Vo 
0 Vj 
—16V —— 7282344 


—- ty oa 
Fig. 2 Input waveform and test circuit for determining delay, rise and turn-on time. 


Turn-off time (see Fig. 3) 
when switched from —Icon = 150 mA; —I pon = 15 MA 
to cut-off with + Ipor¢ = 15 MA 


storage time ts < 80 ns 

fall time tr < 30 ns 

turn-off time toff << 100 ns 
— +15V —6V 


—-30V — 


| | 7282345 ~ 


Fig. 3 Input waveform and test circuit for determining storage, fall and turn-off time. 


Pulse generator (see Figs 2 and 3) Oscilloscope (see Figs 2 and 3) 

frequency f = 150 Hz rise time ty < 5 ns 
pulse duration tp = 200 ns input impedance Z; = 10 MQ 
rise time tp SS 2ns 


output impedance Zp 50 Q 
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SILICON PLANAR EPITAXIAL TRANSISTORS 


P-N-P medium power transistors in TO-18 metal envelopes designed primarily for high-speed switching 


and driver applications for industrial service. 
QUICK REFERENCE DATA 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 


Collector current (d.c.) 
Total power dissipation up to Tamp = 25 OC 
Junction temperature 


D.C. current gain at Tj = 25 °C 
—I¢ = 150 mA; —Vcog = 10 V 


Transition frequency at f = 100 MHz 
—I¢ = 50 mA; —Vcr = 20 V; Tj = 25 0C 
Storage time 
MECHANICAL DATA 
Fig. 1 TO-18. 
Collector connected to case. 


Accessories: 56246 (distance disc). 


© Products approved to CECC 50 002-103, available on request. 


2N2906 
2N2906A 


—VcBO max. 60 V 
—-VCEQ max. 40 V 
—VCEQ max. 60 V 
—Ic max. 600 mA 
Prot max. 0,4 W 
Tj max. 200 °C 
hee 40 to 120 

fT > 200 MHz 
ts < 80 ns 


Dimensions in mm 


Yost 
~ Amax 


a oo 12,7min ——> 


7Z269420.1 
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2N2906 
2N2906A 


2N2906 
2N2906A 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


—VcCBO 


Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 
—Ie<100 mA 

Emitter-base voltage (open collector) 

Collector current (d.c.) 


Total power dissipation 
up to Tamb = 25 PC 


up to Tease = 25 OC 
Storage temperature 
Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 
From junction to case 
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2N2906 
2N2906A 


—VCEO 
—VCEO 


—VEBO 
—Ie 


Prot 
Ptot 
T stg 
Vj 


Rth j-a 
Rth j-c 


max. 60 
max. 40 
max. 60 
max. 5 
max. 600 
max. 0,4 
max. 1,2 
—65 to + 200 
max. 200 
= 438 
= 146 


K/W 
K/W 


2N2906 
2N2906A 


Silicon planar epitaxial transistors 


CHARACTERISTICS 


Tamb = 25 OC unless otherwise specified 


2N2906 | 2N2906A 
Collector cut-off current 


le = 0; -Vcp = 50 V —IcBo < nA 
le = 0; -Vcp = 50 V; Tamp = 150 OC —lIcBo < pA 
+ Vee =0,5 V;—-Vcge = 30 V —ICEX < nA 
Base current 
+ Vee =0,5V; -Vcge = 30 V IBEX < nA 
Collector-base breakdown voltage 
open emitter; —Ic = 10 uA —-V(BR)CBO => V 
Collector-emitter breakdown voltage* 
open base; —Ilc = 10 mA -V(BR)CEO > V 
Emitter-base breakdown voltage 
open collector; —I- = 10 vA —V(BR)EBO > V 
Saturation volitages* 
—VcEsat < V 
—Ic = 150 mA; —l\p = 15 mA 
: —VBEsat < V 
—VCcEsat < V 
—Ic = 500 mA; —Ip = 50 mA 
C 7 —VBEsat < V 
D.C. current gain 
—Ic = 0,1 mA; —Vcg = 10 V hee > 
—Ic= 1mA;—VcE = 10 V hFe > 
—Ic= 10mA;—Vcg = 10 V hfe > 
—I¢ = 150 mA; —Vcg = 10 V* hee : 
—Ic = 500 mA; —Vcg = 10 V* hfe > 
Collector capacitance at f = 100 kHz = 
le =!le=0;-Vep =10V Co < 8 pF ee 
Emitter capacitance at f = 100 kHz — 
Ic=le=0;-Vep=z2V Ce < 30 pF 
Transition frequency at f = 100 MHz 
—l¢ = 50 mA; —Vcrg = 20 V* fT > 200 MHz: 


* Measured under pulse conditions to avoid excessive dissipation: ty < 300 us; 6 < 0,02. 
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2N2906 
2N2906A 


output impedance Zp, 


Turn-on time (see Fig. 2) 


when switched to —I¢gn = 150 mA; —I Bon = 15 MA 


delay time ; tg < 10 ns 

rise time tr < 40 ns 

turn-on time ton < 45 ns 
—30V 


Vo 
0 Vj 
(<1) eee 7282344 


— ty figes 


Fig. 2 Input waveform and test circuit for determining delay, rise and turn-on time. 


Turn-off time (see Fig. 3) 


when switched from —IC¢gn = 150 MA; —IBon = 15 MA 
to cut-off with + IBo¢e = 15 MA 


storage time ts < 80 ns 
fall time tt < 30 ns 
turn-off time toff << 100 ns 


+15V -—-6V 


Vo 


—30V — 


| tp | 7282345 


Fig. 3 Input waveform and test circuit for determining storage, fall and turn-off time. 


Pulse generator (see Figs 2 and 3) Oscilloscope (see Figs 2 and 3) 

frequency f = 150 Hz rise time tr < 5 ns 
pulse duration tp = 200 ns input impedance 2; < 10 MQ 
rise time tr < 2 ns 


50 Q 
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SILICON PLANAR EPITAXIAL TRANSISTORS 


P-N-P medium power transistors in TO-18 metal envelopes designed primarily for high-speed switching 


and driver applications for industrial service. 
QUICK REFERENCE DATA 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 


Collector current (d.c.) 
Total power dissipation up to Tamp = 25 OC 
Junction temperature 


D.C. current gain at Tj = 25 oC 

—Ic = 150 mA; —Vcg = 10 V 
Transition frequency at f = 100 MHz 

—l¢ = 50 mA; —VcgE = 20 V; Tj = 250°C 
Storage time 

—ICon = 150 mA; —lBon = IBot¢ = 15 MA 


MECHANICAL DATA 
Fig. 1 TO-18. 
Collector connected to case. 


1,16 
max & 45°*| 
Ae 8 


NX : 
A 
WA Bia) 
max x v 


Accessories: 56246 (distance disc). 


= Products approved to CECC 50 002-103, available on request. 


2N2907 
2N2907A 


—VcBO max 60 V 
—VCEO max 40 V 
—VCEO max 60 V 
—l¢e max. 600 mA 
Prot max. 0,4 W 
Tj max. 200 °C 
hFe 100 to 300 

tT > 200 MHz 
ts < 80 ns 


Dimensions in mm 


Vos 
~ Amax 


ee ieslaee. 12,7min ——~ 


7Z69420,1 


October 1982 


-2N2907 
ON2907A 


_ 
= 


2N2907 
2N2907A 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 


Collector-emitter voltage (open base) 
—Ilc<100mA 


Emitter-base voltage (open collector) 
Collector current (d.c.) 


Total power dissipation 


up to Tease = 25 OC 
Storage temperature 
Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 
From junction to case 


July 1979 


2N2907 
. 2N2907A 


—VcBo max. 60 
—-VCEO max. 40 
—-VCcEO max. 60 
—VERBO max. 5 
—I¢c max. 600 
Prot max. 0,4 
Prot max. 1 12 
Tstg —65 to +200 
Tj max. 200 
Rth j-a = 438 


< 


<<< 


== 


o¢ 


K/W 
K/W 


2N2907 
2N2907A 


Silicon planar epitaxial transistors 


CHARACTERISTICS 
Tamb = 25 °C unless otherwise specified 


2N2907 |2N2907A 


Collector cut-off current 


le = 0; —Vep = 50 V —IcBo < 20 10 nA 
le = 0; —Vep = 50 V; Tamb = 150 OC —IcBo < 20 10 pA 
+Vpe = 0,5 V; -Vcg = 30 V —IceEx < 50 50 nA 
Base current 
+Vee = 0,5 V; -Vecge = 30 V IBEX < 50 50 nA 
Collector-base breakdown voltage 
open emitter; —Ic = 10 uA -V(BRICBO > 60 60 V 
Collector-emitter breakdown voltage * 
open base; —lc = 10 mA —-V(BR)CEO = 40 60 V 
Emitter-base breakdown voltage 
open collector; —l—p = 10 uA —-V(BR)EBO > 5 5 V 
Saturation voltages * ; 
asec! dee figs Se —VCEsat < 04 04 V 
lc = 150 mA; —Ip = 15 mA ee < 13 13 V 
_ = Sen = —VcEsat < 1,6 1,6 V 
Ic = 500 mA; —Ip = 50 mA Vie < 26 26 V 
D.C. current gain 
—lc =0,1 mA; —Vcg = 10 V hFe > 35 75 
—Ic= 1mA;—-VcgE = 10V hee > 50 100 
—Ic = 10mA;—VcgE = 10 V hfe > 75 100 
o _ - - > 100 100 
—l¢ =150 mA; —Vcg = 10 V hee < 300 300 
—Ic¢ =500 mA; —Vcg = 10 V * hFe > 30 50 
Collector capacitance at f = 100 kHz — —_ 
le = 1, =0; -Vcp=10V Cy < 8 pF — 
Emitter capacitance at f = 100 kHz — 
lc =lo=0;-Vegz2vVv Co < 30 pF 
Transition frequency at f = 100 MHz 
—lc = 50 mA; —Vce = 20 V * ft = 200 MHz <«— 


* Measured under pulse conditions to avoid excessive dissipation: ty < 300 us; 6 < 0,02. 


October 1982 3 


2N2907 
2N2907A 


Turn-on time (see Fig. 2) 
when switched to —IlCon = 150 MA; —I Bon = 15 MA 


delay time | tg < 

rise time t < 

turn-on time ton < 
—30V 


Vo 
0 Vj 
—16V —— 7Z82344 


—> th = 


Fig. 2 Input waveform and test circuit for determining delay, rise and turn-on time. 


Turn-off time (see Fig. 3) 
when switched from —I¢pn = 150 mA; —l Bon = 15 MA 
to cut-off with +l pore = 15 MA 


storage time te <= 

fall time te < 

turn-off time toff < 
| +15V —6V 


Vo 


—30V —. 


; | tp | ' 7282345 


Fig. 3 Input waveform and test circuit for determining storage, fall and turn-off time. 


Pulse generator (see Figs 2 and 3) Oscilloscope: (see Figs 2 and 3) 
frequency f =150 Hz rise time tr < 
pulse duration to = 200 ns inputimpedance 2; < 
rise time t <S 2ns 


output impedance Zy = 50 2 


4 July 1979 


10 ns 
40 ns 
45 ns 


80 ns 
30 ns 


100 ns 


10 MQ 


2N3019 
2N3020 


= 
SILICON PLANAR EPITAXIAL TRANSISTORS =—- 


N-P-N transistors in TO-39 metal envelopes intended for use as amplifiers and in switching circuits. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VCBO max. 140 V 
Collector-emitter voltage (open base) VCEQ max. 80 V 
Collector current (d.c.) Ic max. 1 A 
Total power dissipation 

Up to Tamb = 25 PC Prot max. 0,8 W 

Up to Tease = 25 PC Prot max. 5,0 W 
Junction temperature Tj max. OC 

_D.C. current gain = 

Ic = 150 mA; Veg = 10 V hfe 2 
Transition frequency at f = 20 MHz 

Ic = 50 mA; Vcg = 10 V ft = MHz 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 


Collector connected to case 


————" 0,51 
max 
8,5 
max — 
———— 


z 6,6 | 12,7 
max SIR eae 


Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 


= Products approved to CECC 50 002-175, available on request. 
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-2N3019 
2N3020 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages 
Collector-base voltage (open emitter) VCBO max. 140 V 
Collector-emitter voltage (open base) VCEO max. 80 V 
Emitter-base voltage (open collector) VEBO max, 7 = 2V 
Current 
Collector current (d.c.) Io max. 1 A 


Power dissipation 


Total power dissipation up to Ta,,, = 25 °C Prot max. 0,8 W 
up to Tease = 25 °C Prot max. 5,0 W 
Temperatures 
Storage temperature Tstg -~65 to+200 9C 
Junction temperature | Tj max. 200 °C 
THERMAL RESISTANCE 
From junction to ambient in free air Rth j-a = 218 °C/W 
From junction to case Rth j-c - 35 °C/W 
CHARACTERISTICS Tamb = 25 °C unless otherwise specified 
Collector cut-off current 
ae IE = 0; VcB =90V IcBO < 10 nA 
one Ip = 0; Vop = 90 V; Tamb = 150°C © | ICBO < 10 pA 


Emitter cut-off current 


Ic =0; Vegp= SV IFBO < 10 nA 


Breakdown voltages 


Ip = 0; Ic = 100 pA V(BR)CBO 7 140 V 
Ip =O; Ic = 30mA V(BR)CEO > 80 V 1) 
Ic = 0; Ip = 100 pA - | V(BR)EBO = 3 7 V 
Saturation voltages 

VCE < 0,2 V 
In = 150 ;Ip = 15 mA sat 
e as VBEsat 7 11 v4 
Ic = 500 mA; Ig = 50 mA: VCEsat < 05 Vv 4 


1) Measured under pulse conditions: tp = 300 ps; 6 < 0,01. 


2 | November 1975 


CHARACTERISTICS (continued) . Tamb = 25 °C unless otherwise specified 
D.C. current gain 1) ZNSE |e oe? 
> 
Ic = 0,1mA;VcR=10V hep 2 
> 
Ic = 10 mA; VCE =10V hf 2 
> 
Ic = 150 mA; Vcr =10V hFE 2 
Ic = 150 mA; Vor = 10 V; Toage = -55 PCC ~hEE > 
Ic = 500 mA; VoR = 10 V hp 7 
Ic = 1000 mA; VCE = 10 V hFRE > 
Transition frequency at f = 20 MHz 
Ic = S50mA;Vog=10V | fr > MHz 
Collector capacitance at f = 1 MHz 
Ik =le =0; Vop =10V Ceo < _ pF 
Emitter capacitance at f = 1 MHz 
‘Ic =I = 0; Veg =0,5 V Ce < pF 
Feedback time constant at f = 4 MHz 
Ic = 10 mA; Vop = 10 V Lpb' Cph'c < ps 
Small-signal current gain at f = 1 kHz 
> 
Ic =1,0mA;Vope= 5V hfe y 
Noise figure at f = 1 kHz 
Ic = 0,1 mA; Vop = 10 V; Rg = 1kQQ F < dB 


1) Measured under pulse conditions: tp = 300 us; 6 50,01. 


November 1975 3 


.2N3019 
2N3020 


2 


2N3053 


SILICON PLANAR TRANSISTOR 


N-P-N transistor in a TO-39 metal envelope designed for medium speed, saturated and non-saturated 
switching applications for industrial service. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcBOo max. 60 V 
Collector-emitter voltage (open base) VCEO max. 40 V 
Collector current (d.c.) ! Ic max. 700 mA 
Total power dissipation up to Tease = 25 PC Prot max. 5,0 W 
Junction temperature Tj max. 200 °C 
D.C. current gain 

Ic = 150 mA; Vcg = 10 V hee 50 to 250 
Transition frequency at f = 20 MHz 

Ic = 50 mA; Vcge = 10 V fT > 100 MHz 
MECHANICAL DATA | Dimensions in mm 
Fig. 1 TO-39. 


Collector connected to case 


_Yo,51 = 
4 mar may = 
8,5 —— _— 
max 
=—S 


66» = Ua P' 1259322. 


Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 
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2N3053 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) * 
Emitter-base voltage (open collector) 
Collector current (d.c.) 


Total power dissipation up to Tease = 25 PC 


Storage temperature 


Junction temperature 


THERMAL RESISTANCE 


sot 
From junction to case 


CHARACTERISTICS 
Tamb = 25 PC 
Collector cut-off current 
Vce = 30 V; —Vpge = 1,5 V 
Emitter cut-off current . 
Ic =0; Vep=4V 
Collector-base breakdown voltage 
open emitter; Ic = 100 vA 
Collector-emitter breakdown voltage** 
open emitter; Ic = 100 vA 
Ic = 100 mA; Reg = 10 2 
Emitter-base breakdown voltage 
open collector; lp = 100 uA 
Base-emitter voltage 
Ic = 150 mA; Vcge = 2,5 V 


Saturation voltages 
lc = 150 mA; Ip=15mMA 


D.C. current gain 
Ic = 150 mA; Veg = 2,5 V 
Ic = 150 mA; Vcg = 10 V** 
Collector capacitance at f = 140 kHz 
le =le=0; Vcp=10V 
Emitter capacitance at f = 140 kHz 
Ic = 1, =0; Vep=0,5V 


Transition frequency at f = 20 MHz 
Ic = 50 mA; Vcg = 10 V 


VCBO 
VCEO 
VEBO 
Ic 
Prot 

T stg 


qj 


Rth j-c 


ICEX 
lEBO 
V(BR)CBO 


V(BR)CEO 
V(BR)CER 


V(BR)EBO 


VBE 


VCEsat 
VBEsat 


max. 60 
max. 40 
max. 5 
max. 700 
max. 5,0 
—65 to + 200 
max. 200 
= 35 
< 0,25 
0,25 

> 60 
> 40 
> 50 
> 5 
1,7 

< 1,4 
< 1,7 
> 25 
50 to 250 

< 15 
< 80 
> 100 


K/W 


pA 


BA 


<< 


pF 
pF 


MHz 


* For Ic = 0 to 100 mA (pulse conditions): tp = 300 us; § = 0,018, 0 to 700 mA for shorter pulses. 


** Measured under pulse conditions to avoid excessive dissipation: tp = 300 us; 6 = 0,018. 
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2N3903 
2N3904 


SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in plastic TO-92 envelopes, primarily intended for high-speed, saturated switching 
applications for industrial service. 


P-N-P complements are 2N3905 and 2N3906. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VCBOQ max. 60 V 
Collector-emitter voltage (open base) VCEQ max. 40 V 
Collector current (d.c.) Ic max. 200 mA 
Total power dissipation at Tamb = 25 PC Prot max. 350 mW . 
Junction temperature Tj max. 150 °C 


D.C. current gain 
= 50 100 
Ic =10mA; VceE=1V hFE < 150 300 
Transition frequency at f = 100 MHz 
Ic = 10 mA; Vege = 20 V ag > 250 300 MHz 
Storage time 
MECHANICAL DATA : Dimensions in mm = 
Fig. 1 TO-92. — 
1 =e 
: ___¥o.40 
A min 


TZ2Z67145A 
3 


. 7278972 2 


diameter within 2,0 max | 
is uncontrolled vee 
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2N3903 
2N3904 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Emitter-base voltage (open collector) 
Collector current (d.c.) 

Total power dissipation at Tarp = 25 OC 
Storage temperature 

Junction temperature 


THERMAL RESISTANCE 


From junction to ambient in free air 
CHARACTERISTICS 
Tamb = 25 °C 


Currents at reverse biased emitter junction 
Voce = 30V;—-Vpp=3 V 


Saturation voltages * 


lc =10mA;lp=1mMmA 


Ic =50mA;!p=5mA 


D.C. current gain * 
Ic = 0,1 mA; Veg =1V 


lc=1mA;VceE=1V 
Ic =10mA; Vee =1V 


Ic =50 mA; Vczp=z1V 
Ic = 100 MA; Veg =1V 


Collector capacitance at 100 kHz < f < 1 MHz 


le=le=0;Vcop=5V 


Emitter capacitance at 100 kHz < f < 1 MHz 


Ic =e =0; Vep =0,5 V 
Transition frequency at f = 100 MHz 
Ic = 10 mA; Vcg = 20 V 
Noise figure at Rg = 1 kQ 
Ic = 100 vA; Vcg =5V 
f = 10 Hz to 15,7 kHz 


* Measured under pulse conditions: tp = 300 us; 6 = 0,02. 


October 1981 


VcBo 
VCEO 
VEBO 
Ic 
Prot 

T stg 
Tj 


Rth j-a 


ICEX 
—IBEXx 


VCEsat 
VBEsat 


VCEsat 
VBEsat 


hFE 


max. 
max. 
max. 
max. 
max. 


max. 


—55 to + 150 
150 


357 


| 
50 
50 


200 
650 to 850 


300 
950 


Silicon planar epitaxial transistors 


h-parameters (common emitter) 
lc=1mA; Vcge = 10 V; f= 1 KHz 


Input impedance 

Reverse voltage transfer ratio 
Small-signal current gain 
Output admittance 


Switching times 
Turn-on time (see Figs 2 and 3) when switched from 
—VBEoff = 0,5 V to ICon = 10 mA; IBon = 1 mA 


Delay time 
Rise time 


7274965 


Fig. 2 Input waveform; tp <1 ns; ty = 300 ns; 
5 = 0,02. 


Turn-off time (see Figs 4 and 5) 
ICon = 10 MA; IBon = —!Boff = 1 MA 


Storage time 
Fall time 


7274967 


Fig. 4 Input waveform; t¢ < 1 ns; 
10 us < tp < 500 us; 6 = 0,02. 


2N3903 


2N3904 
2N3903 | 2N3904 
hie 1 to 8 1 to 10 kQ 
hre O,1to5 |] O0,5to8 10% 
hg 50 to 200 |100 to 400 
hoe 1 to 40 1 to 40 pA/V 
tq < 35 35 ns 
ty < 35 35 ns 


7Z74966 


Fig. 3 Delay and rise time test circuit; total 
shunt capacitance of test jig and connectors 
C, <4 pF; scope impedance = 10 MQ. 


2N3903 2N3904 


+3V 


7 7274968 


Fig. 5 Storage and fall time test circuit; total 
shunt capacitance of test jig and connectors 
C, < 4 pF; scope impedance = 10 MQ. 
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2N3905 
2N3906 


SILICON PLANAR EPITAXIAL TRANSISTORS 


P-N-P transistors in plastic TO-92 envelopes, primarily intended for high-speed, saturated switching 
applications for industrial service. 


N-P-N complements are 2N3903 and 2N3904. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) —VcBo max. 40 V 
Collector-emitter voltage (open base) —-VcEO max. 40 V 
Collector current (d.c.) —Ic max. 200 mA 
Total power dissipation at Tamp = 25 OC Prot max. 350 mW 
Junction temperature Tj max. - 150 9C 


D.C. current gain 


~Ic¢ = 10 mA;—VcE =1V hee 
Transition frequency at f = 100 MHz 
—Ic = 10mA;—VecgE = 20 V fr MHz 
Storage time 
—IlCon = 10 mA; —lBon = IBoff = 1 MA ts 225 ns 
MECHANICAL DATA Dimensions in’ mm 
Fig. 1 TO-92. 
, 
: ¥ 0,40 
A min 
JOMGbHA 3 


~ 5,2 max ie 12,7 min —__———"> 


a” diameter within 2,0 max ie 7278972 2 


is uncontrolled 


October 1981 


2N3905 
2N3906 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Emitter-base voltage (open collector) 
Collector current (d.c.) 

Total power dissipation at Tap = 25 OC 
Storage temperature 

Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 


CHARACTERISTICS 
Currents at reverse biased emitter junction 
—Vce =30V;+ Vee =3 V 


Saturation voltages - 
—Ic = 10mA;—-Ilp=1mA 


—!c=50mA;—lIp=5mA 


D.C. current gain * . 
—Ilc=0,1 mA; Voep=1V 


—-Ic=1mA;VcE=1V 
—lc=10mA; VcE=z1V 


—l¢ = 50 mA; VceE=z1V 
—Ic = 100 mA; Veg =1V 
Collector capacitance at 100 kHz <f < 1 MHz 
lp =1,=0;—-Vcgpz5v 
Emitter capacitance at 100 KHz < f < 1 MHz 
Transition frequency at f = 100 MHz 
—Ic = 10mA;—-Vcg = 20 V 


Noise figure at Rs = 1 k& 
—Ic = 100 uA;—-VcE=5V 
f = 10 Hz to 15,7 kHz 


* Measured under pulse conditions: ty = 300 us; 6 = 0,02. 


October 1981 


—-VcBo 
—-VCEO 
—VEBO 
—| C 
Prot 

T stg 

Tj 


Rth j-a 


—ICEX 
+IBEX 


—VCEsat 
—VBEsat 


—VCEsat 
—VBEsat 


max. 
max. 
max. 
max. 
max. 


max. 


AA 


—55 to + 150 
150 


357 


50 
50 


250 
650 to 850 


400 
950 


pF 


pF 


MHz 


dB 


Silicon planar epitaxial transistors 


2N3905 


h-parameters (common emitter) 
—lc=1mA;—Vcg = 10 V; f= 1 kHz 

Input impedance 

Reverse voltage transfer ratio 

Small-signal current gain 

Output admittance 


Switching times 


Turn-on time (see Figs 2 and 3) when switched from 


+V BE off = 0,5 V to —ICon = 10 MA; —IBon = 1 mA 


Delay time 
Rise time 


7274969 


Fig. 2 Input waveform; t, < 1 ns; tp = 300 ns; 


6 = 0,02. 


Turn-off time (see Figs 4 and 5) 
—lCon = 10 MA; —IBon = !Boff = 1 MA 


Storage time 
Fall time 


— 10,9 


=—— tp —el ty I<— 7274971 


Fig. 4 Input waveform; te < 1 ns; 
10 us < tp < 500 us; 5 = 0,02. 


2N3906 

2N3905 | 2N3906 
hie 0,5 to8 2to 12 k&L 
hre 0,1to5} 0,1 to 10 10% 
hfe 50 to 200 {100 to 400 
hoe 1 to 40 3 to 60 HA/V 
tg < 35 35 ns 
tp < 35 35 ns 


7274970 


Fig. 3 Delay and rise time test circuit; total 
shunt capacitance of test jig and connectors 
C, < 4 pF; scope impedance = 10 M&2. 


2N3905 2N3906 


—-3V 


275 2 


EE 
es 
1 
I 
--=J 


7274972 
Fig. 5 Storage and fall time test circuit; total 


shunt capacitance of test jig and connectors 
C, <4 pF; scope impedance = 10 M22. 
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2N4030 to 2N4033 


ee _ 
SILICON PLANAR EPITAXIAL TRANSISTORS  — 


P-N-P transistors in TO-39 metal envelopes primarily intended for large signal, low-noise, low-power 
audio frequency applications for industrial service. 


QUICK REFERENCE DATA 


2N4030 | 2N4031 
2N4032 | 2N4033 


Collector-base voltage (open emitter) —VcBO max. 60 80 V 
Collector-emitter voltage (open base) —VCEQ max. 60 80 V 
NN  aoeenanasee’ 
Collector current (d.c.) —Ic max. 1 A 
Total power dissipation up to Tamp = 25 OC Prot max. 0,8 W 
Junction temperature Tj max. 200 OC 


2N4030 | 2N4032 
2N4031 | 2N4033 


D.C. current gain 


—Ic¢ = 500 mA; —-VcE =5V hFe > 25 70 
Transition frequency at f = 100 MHz 
—I¢ = 50 mA; —Vcg = 10 V fr > 100 150 MHz 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 
Collector connected to case cane 
, | y 
t <=! 0,51 
22 —————— 
a a ——" 92593221 
Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 
= Products approved to CECC 50 002-131, available on request. oc 
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2N4030 
to | 
2N4033 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) | 
2N4030 |2N4031 


Voltages : 2N4032 | 2N4033 
Collector-base voltage (open emitter) -Vopo max. 

Collector-emitter voltage (open base) -VcRO max, 

Emitter-base voltage (open collector) ~VERO max. 

Current 

Collector current (d.c.) | -Io max. 1 A 


Power dissipation 


Total power dissipation up to Ty mp = 25 PC Prot max. 0,8 W 
up to Toage = 25 CC Prot max, 4,0 W 

Temperatures 

Storage temperature | T stg -65 to +200 °C 

Junction temperature Tj max. 200 °C 


THERMAL RESISTANCE 


From junction to ambient in free air Rth j-a 7 218 °C/W 
From junction to case Rth j-c = 44 °C/W 
CHARACTERISTICS Tamb = 25 CC unless otherwise specified 


Collector cut-off current 


Ip = 0; -Vcp =50 V -IoR0 < nA 
Ip = 0; -Vop = 60 V -IcBoO < nA 
Ig = 0; -Vop = 50 V: Tayi 100: °C - “logo < yA 
In = 0; -Voap = 60 V; Ta mp = 150 °C -IcBo pA 


Emitter cut-off current 


Ic = 0; -Vep= SV -lgRO < 


Breakdown voltages 


Ip = 0; -Ic: = 10 mA -V(BR)CEO > v 4 
1g = 03 -Ip = 10 pA | -V(BR)EBO 7 V 


1) Measured under pulse conditions : tp = 300 us; 6 < 0,01. 


2 April 1976 


2N4030 
to 
2N4033 


CHARACTERISTICS (continued) Tamb = 29 °C unless otherwise specified 
2N4030 | 2N4031 
Base-emitter voltage 2N4032 | 2N4033 
-Ic = 500mA;-Vop=0,5V -Vpr < v4 
~Ic = 1000 mA; -Vcg ="1,0V -Vpz < v4 
Saturation voltages . 
-Ic = 150 mA; -Ip= 15 mA “Ycrsat < us l 
“VBEsat < V *) 
“Ic = 500 mA; -Ip = 50mA -VCEsat < V 
-Ic = 1000 mA; -Ip = 100 mA . -Vcksat < Vv 
D.C. current gain 1) 
-Io = 100 pA ; -VoR = 5 V hep > 
> 
“Io = 100 mA; -VcR = 5 V hep » 
-Ic = 100 mA; -VCE = 5 V; Tamb = —55 °C here > 
-Ic = 500 mA;-VcR= SV hrE > 
-Ic = 1000 mA; -Vogp = SV 2N4030 =hpr > 15 
2N4031 hep > 10 
2N4032 her 40 
Collector capacitance at f = 1 MHz —— 
In =le=0; -Vep= 10V Co < 20 pF 
Emitter capacitance at f = 1 MHz 


Ic =I¢ = 0; -Vpp =0,5V Gz < 110 pF 
2N4030 |2N4032 
2N4031 |2N4033 


> 100 150 MHz 
400 500 MHz 


Transition frequency at f = 100 MHz 
mae G = 50 mA; -VCE = lOV fr 


A 


1) Measured under pulse conditions: tp = 300 ps; 6 <0,01. 


April 1976 | | 3 


2N4030 
. fo 
2N4033 


CHARACTERISTICS (continued) | Tans 23 °6 


Switching times ly 
-ICon = 500 mA; —Ipon = 50 mA 
Turn-on time ton < 100 ns 
-IGon = 500 mA; -Ipon = +1 Boge = 50 mA 
Storage time t. < 350 ns 
Fall time t¢ < 50 ns 


Switching circuit: 


+3,8V -30V 


1kQ 
10uF osc. 
| LI 
-9,7V 620 
7Z71176 
‘7 
Pulse generator: Oscilloscope: 
— Rise time ty, < 20ns Rise time tr = 10ns 
ascot Fall time ; te < 20ns Input impedance Zi > 100 k&2 
Pulse duration to = 104ps 
Duty factor 5 < 0,02 
Source impedance Zo= 502 


1) See switching circuit for exact values of ICon: [pon 2nd Ipoff: 


4 April 1976 


2N4123 
2N4124 


SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in plastic TO-92 envelopes, primarily intended for low-power, small-signal audio- 
frequency applications for consumer service. 


P-N-P complements are 2N4125 and 2N4126. 
QUICK REFERENCE DATA 


2N4123 | 2N4124 


Collector-base voltage (open emitter) VCBO max. V 
Collector-emitter voltage (open base) VCEQ max. V 
Collector current (d.c.) Ic max. mA 
Total power dissipation at Tamp = 25 OC Prot max. mW 
Junction temperature Tj max. OC 
Small-signal current gain S 
Ic =2 mA; Vcg = 10 V; f= 1 kHz hfe | < 
Transition frequency at f = 100 MHz 
lc = 10 MA; Veg = 20 V fr > MHz 
Noise figure at Rg = 1 kQQ 
Ic = 100 uA; Vee z=5V 
f = 10 Hz to 15,7 kHz F < dB 
MECHANICAL DATA Dimensions in mm — 
Fig. 1 TO-92. — 


1 
2 __ Yoo 

a | min 
TZB7IGSA 3 


diameter within 2,0 max_) ere er 


is uncontrolled 
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2N4123 
2N4124 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 


Emitter-base voltage (open collector) 
Collector current (d.c.) 

Total power dissipation at Tapp = 25 OC 
Total power dissipation at Tease = 25 PC 
Storage temperature 

Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 
From junction to case 


CHARACTERISTICS 
Tamb = 25 °C 
Collector cut-off current 
le = 0; Veg = 20 V 
Emitter cut-off current 
Ic=0;Vep=3V 
Saturation voltages * 
Ic =50 mA; ip=5mA 


D.C. current gain * 
Ic= 2mA;VcE=1V 
Ic = 50 mA; Veg =1V 
Collector capacitance at f = 100 kHz 
le =le=0;Vep=5V 
Emitter capacitance at f = 100 kHz 
Ic = 1, =0; Veg = 0,5 V 
Transition frequency at f = 100 MHz 
Ic = 10 MA; Veg = 20 V 
Noise figure at Rg = 1 kQ 
Ic = 100 uA; Veg =5V 
f = 10 Hz to 15,7 kHz 
Small-signal current gain 
Ic =2 mA; Vcg = 10 V; f = 1 KHz 


hfe 


* Measured under pulse conditions: tp = 300 us; 6 = 0,02. 
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max. 


AV 


350 

1000 

—55 to + 150 
150 


357 
125 


2N4123 | 2N4124 


K/W 
K/W 


nA 


nA 


mV 
mV 


pF 


pF 


MHz 


dB 


2N4125 
2N4126 


SILICON PLANAR EPITAXIAL TRANSISTORS 


P-N-P transistors in plastic TO-92 envelopes, primarily intended for low-power, small-signal audio- 


frequency applications for consumer service. 
N-P-N complements are 2N4123 and 2N4124. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector current (d.c.) 
Total power dissipation at Tamb = 25 OC 
Junction temperature 
Small-signal current gain 
—lc =2 mA; —Vc_e = 10 V; f= 1 kHz 
Transition frequency at f = 100 MHz 
—lc = 10 mA; —VcE = 20 V 


Noise figure at Rg = 1 kQ 
—Ic = 100 pA; —VcE=5V 
f = 10 Hz to 15,7 kHz 


MECHANICAL DATA 
Fig. 1 TO-92. 


‘JO7146A 3 


0,67 Eek 
as 


diameter within 2,0 max 
is uncontrolled = 


-VcBO max. 
—-VCEQ max. 
=Ic max. 
| Ptot max. 
qj max. 
> 
hfe < 
fT > 
F < 


le 


2N4125 | 2N4126 


MHz 


dB 


Dimensions in mm 


__Vouo 
4 min 


ie 5,2 ica aan 12.7 min ———____> 


| Y 
Se See ES eS 0,49 


4 max 


7278972.2 
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2N4125 
2N4126 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 


Emitter-base voltage (open collector) 
Collector current (dc) 
Total power dissipation at Tamp = 25 OC 
‘Total power dissipation at Tease = 25 PC 
Storage temperature 

Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 


,From junction to case 


CHARACTERISTICS 
Tamb = 25 °C 
Collector cut-off current 

le =0;-Vcp=20V 
Emitter cut-off current 

Ic =0;-Vepz3V 
Saturation voltages * 

—lce = 50 mA;—-Ip=5mA 


D.C. current gain * 
—Ic= 2mA;—-VcE=1V 
—l¢ =50 mA; -VcE=1V 
Collector capacitance at f = 100 kHz 
le =!le=0;-Vcp=5V 
Emitter capacitance at f = 100 kHz 
Ic=1_=0;—-VepR=0,5V 
Transition frequency at f = 100 MHz 
—le = 10 mA; —Vcg = 20 V 
Noise figure at Rg = 1 kQ 
—le = 100 vA; —-Vcp =5V 
f = 10 Hz to 15,7 kHz 


Small-signal current gain 
—l¢=2 mA; —Vcrg = 10 V; f= 1 KHz 


ra 


—VcBO 
-VCEO 
—VEBO 
—Ie 
Prot 
Prot 

T stg 

Tj 


Rth j-a 
Rth j-c 


—lcBo 


—lEBoO 


—VCEsat 
—VBEsat 


Nfe 


* Measured under pulse conditions: tp = 300 us; 6 = 0,02. 
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max. 
max. 


max. 
max, 
max. 
max. 


max. 


NA 


AV 


2N4125 | 2N4126 


1000 _—i, 
—55 to + 150 
150 


357 
125 


50 


50 


400 
950 


2N4125 | 2N4126 


K/W 
K/W 


nA 


nA 


mV 
mV 


pF 


pF 


MHz 


dB 


2N5415 
2N5416 


SILICON P-N-P HIGH-VOLTAGE TRANSISTORS 


Transistors in TO-39 metal envelopes with the collector connected to the case. 
They are intended for high-speed switching and linear amplifier applications in military, 
industrial and commercial equipment. 


QUICK REFERENCE DATA 


2N5415 | 2N5416 
Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector current (d.c. ) 
Total power dissipation up to Tamb = 50 °C 
Junction temperature 


D.C. current gain 
-Ig = 50 mA; -VcR=10V 


MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 


Collector connected to case 


" Yost 
max 
8,5 Sa: 
max 


Maximum lead diameter is guaranteed only for 12,7 mm. 


Accessories: 56245 (distance disc). 
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2N5415 : 
2N5416 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages | 2N5415 | 2N5416 
Collector-base voltage (open emitter) -VcRBO 

Collector-emitter voltage (open base) -VCEO 

Emitter-base voltage (open collector) -VERO 

Currents 

Collector current (d.c.) -Ic max. 1 A 
Base current (d.c.) -Ip max. 0,5 A 


Power dissipation 


Total power dissipation up to Tcage = 25°C — Prot max. 10 W 
Total power dissipation up to Tamh =50°C —— Prot max. 1 W 
7272999 


maximum permissible power 
dissipation versus case temperature 


Temperatures 
Storage temperature Tstg -65 to +200 °C 


Junction temperature Tj max. 200 2¢ 


THERMAL RESISTANCE 
From junction to case Rth j-c = 17,5 °c/w 
150 °C/W 


2 | | | | April 1977 


From junction to ambient in free air Rth j-a 


2N5415 


2N 5416 
CHARACTERISTICS Tease = 25 °C 
Collector cut-off currents 2N5415 | 2N5416 


Ip = 0: -Vop =175V ~IoR0 < 
Ip = 0; -Vcp = 280 V -I¢30 < 
Ip = 0; -Vcr = 150 V -IcKO < 
Ip =0; -VcR = 250 V -IcKO < 


Emitter cut-off current 
Ic = 0; -Vep =4V -IrRBO < 
Ia =Q; —-VERB S65: V. -IrBO < 


Sustaining voltage 


Ip = 0; -Ic = Oto 50 mA -VCEOsust > 
Rpr = 50 82; -IG = 50 mA -VCERsust > 
Test circuit for VoEOsust Oscilloscope display for VCEOsust 
L=25 mH 
i 7272998 
(mA) 
50 
110 Q an 
0 a 
7272966 —Vceo I 
Saturation voltages 
=. < 2,0 2,0 V 
-Ip; = A: -Ip = CEsat 
ee Be -VBE sat =. yo 15 Vv 
D.C. current gain 
= 30 30 
-Ic = 50 mA; -V =] 
C CE Ty PE < 150 | 120 
Collector capacitance at f = 1 MHz ” 
Ip = 1, = 0; -Vcop =10V Co < 15 pF 
Emitter capacitance at f = 1 MHz 
Iq = Ic = 0; -VEB = -VEBOmax Ce < 75 pF 


1) Measured under pulse conditions to avoid excessive dissipation. 
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2N5415 
2N5416 


CHARACTERISTICS (continued) 
Transition frequency at f = 5 MHz 
—Ic = 10mA;—VcgE = 10 V 


h-parameters (common emitter) 


—Ic =5mA;—Vce = 10 V 
real part of input impedance at f = 1 MHz 


small-signal current gain at f = 1 kHz 


f 


October 1982 


Tease = 25 OC 
tT > 
Re(hie) < 
hfe > 


15 MHz 


SOLDERING RECOMMENDATIONS SOT-37 
ACCESSORIES 


SOLDERING RECOMMENDATIONS SOT-37 


Transistors in SOT-37 envelopes may be mounted with leads flat (Fig. 1) or bent (Figs 2 and 3). 
Different soldering procedures apply for the different styles of mounting. 


FLAT-LEAD MOUNTING 


Soldering by hand - printed 
Avoid putting any force on the leads during circuit 
board 


or just after soldering. 7258790.2 

Solder the three leads one at a time, not Fig. 1 

simultaneously. Solder temperature max. 300°C 
Proceed from one lead to the adjacent lead, not Soldering time max. 5s 

to the opposite one. Solder-to-case distance min. 2mm 


BENT-LEAD MOUNTING 


If leads are bent, all three may be soldered 
simultaneously if desired. 


printed 
circuit 
board 
7Z258791,1 
Fig. 2 
Solder temperature max. 300 °C 
Soldering time max. 10s 
DIP OR WAVE SOLDERING 
When dip or wave soldering, the maximum 
allowable temperature of the solder is 260 °C. 
This temperature must not be in contact with printed 
the joint for more than 5 seconds. The total circuit 
contact time of successive solder waves must board 
not exceed 5 seconds. The device may be aia 
mounted up to the lead projections, but the Fig. 3 
temperature of the body must not exceed the Solder temperature max. 260°C 
specified storage maximum. Soldering time max. 5s 
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DISTANCE DISCS 


MECHANICAL DATA 
Fig. 1 56245 for TO-5 or TO-39. 
Insulating material. 


0,65 
1 4 
os 
‘ 79 ——_——> 7265543 
TEMPERATURE 
Maximum permissible temperature 


Fig. 2 56246 for TO-18 or TO-72. 
Insulating material. 


4 


4 
<— 5 ——! 7765542 


TEMPERATURE 


Maximum permissible temperature 


ACCESSORIES 


Dimensions in mm 


max. 100 °C 


max. 100 °C 
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SMALL-SIGNAL TRANSISTORS 


SELECTION GUIDE 
TYPE NUMBER SURVEY 


CECC 
APPROVED TYPES 


GENERAL 


TRANSISTOR DATA 


SOLDERING RECOMMENDATIONS SOT-37 
ACCESSORIES 


Argentina: PHILIPS ARGENTINA S.A., Div. Elcoma, Vedia 3892, 1430 BUENOS AIRES, Tel. 541-7141/7242/7343/7444/7545. 
Australia: PHILIPS INDUSTRIES HOLDINGS LTD., Elcoma Division, 67 Mars Road, LANE COVE, 2066, N.S.W., Tel. 42708 88. 
Austria: OSTERREICHISCHE PHILIPS BAUELEMENTE Industrie G.m.b.H., Triester Str. 64, A-1101 WIEN, Tel. 629111. 
Belgium: N.V. PHILIPS & MBLE ASSOCIATED, 9, rue du Pavillon, B-1030 BRUXELLES, Tel. (02) 242 74 00. oan * 
Brazil: IBRAPE, Caixa Postal 7383, Av. Brigadeiro Faria Lima, 1735 SAO PAULO, SP, Tel. (011) 211-2600. 
Canada: PHILIPS ELECTRONICS LTD., Electron Devices Div., 601 Milner Ave.,. SCARBOROUGH, Ontario, M1B 1M8, Tel. 2S2-U,u01. ~ ~ 
Chile: PHILIPS CHILENA S.A., Av. Santa Maria 0760, SANTIAGO, Tel. 39-4001. 
Colombia: SADAPE S.A., P.O. Box 9805, Calle 13, No.51 +39, BOGOTA D.E., 1., Tel. 600 600. 
Denmark: MINIWATT A/S, Emdrupvej 115A, DK-2400 KOBENHAVN NV., Tel. (01) 69 16 22. 
Finland: OY PHILIPS AB, Elcoma Division, Kaivokatu 8, SF-00100 HELSINKI 10, Tel. 17271. 
France: R.T.C. LA RADIOTECHNIQUE-COMPELEC, 130 Avenue Ledru Rollin, F-75540 PARIS 11, Tel. 355-44-99. 
Germany: VALVO, UB Bauelemente der Philips G.m.b.H., Valvo Haus, Burchardstrasse 19, D-2 HAMBURG 1, Te! (040) 3296-0. 
Greece: PHILIPS S.A. HELLENIQUE, Elcoma Division, 52, Av. Syngrou, ATHENS, Tel. 9215111. 
Hong Kong: PHILIPS HONG KONG LTD., Elcoma Div,, 15/F Philips Ind, Bldg., 24-28 Kung Yip St., KWAI CHUNG, Tel, (0)-24 51 21. 
India: PEICO ELECTRONICS & ELECTRICALS LTD., Elcoma Div., Ramon House, 169 Backbay Reclamation, BOMBAY 400020, Tel. 295144. 
Indonesia: P.T. PHILIPS-RALIN ELECTRONICS, Elcoma Div., Panim Bank Building, 2nd FI., JI. Jend, Sudirman, P.O. Box 223, JAKARTA, Tel. 716 131. 
freland: PHILIPS ELECTRICAL (IRELAND) LTD., Newstead, Clonskeagh, DUBLIN 14, Tel. 6933 55. 
Italy: PHILIPS S.p.A., Sezione Elcoma, Piazza iV Novembre 3, !-20124 MILANO, Tel. 26994. 
Japan: NIHON PHILIPS CORP., Shuwa Shinagawa Bidg., 26-33 Takanawa 3-chome, Minato-ku, TOKYO (108), Tel. 448-5611. 

(IC Products) SIGNETICS JAPAN LTD., 8-7 Sanbancho Chiyoda-ku TOKYO 102, Tel. (03)230-1521. 
Korea: PHILIPS ELECTRONICS (KOREA) LTD., Elcoma Div., Philips House, 260-199 Itaewon-dong, Yongsan-ku, C.P.0. Box 3680, SEOUL, Tel. 794-4202. 
Malaysia: PHILIPS MALAYSIA SDN. BERHAD, Lot 2, Jalan 222, Section 14, Petaling Jaya, P.O.B. 2163, KUALA LUMPUR, Selangor, Tel. 77 44 11. 
Mexico: ELECTRONICA S.A. de C.V., Varsovia No. 36, MEXICO 6, D.F., Tel. 533-11-80. 
Netherlands: PHILIPS NEDERLAND, Marktgroep Elonco, Postbus 90050, 5600 PB E/\NDHOVEN, Tel. (040! 79 33 33. 
New Zealand: PHILIPS ELECTRICAL IND. LTD., Elcoma Division, 2 Wagener Place, St. Lukes, AUCKLAND, Tel. 894-160, 
Norway: NORSK A/S PHILIPS, Electronica Dept., Sandstuveien 70, OSLO 6, Tel. 68 02 00. 
Peru: CADESA, Av. Alfonso Ugarte 1268 , LIMA 5, Tel. 326070. 
Philippines: PHILIPS INDUSTRIAL DEV. INC., 2246 Pasong Tamo, P.O. Box 911, Makati Comm. Centre, MAKATI-RIZAL 3116, Tel. 86-4Y-57T to 59. 
Portugal: PHILIPS PORTUEGESA S.A.R.L., Av. Eng. Duarte Pacheco 6, LISBOA 1, Tel. 68 31 21. 
Singapore: PHILIPS PROJECT DEV. (Singapore) PTE LTD., Elcoma Div., Lorong 1, Toa Payoh, SINGAPORE 1231, Tel. 2538811... 
South Africa: EDAC (Pty.) Ltd., 3rd Floor Rainer House, Upper Railway Rd. & Ove St., New Doornfontein, JOHANNESBURG 2001, Tel. 614-2362/9. 
Spain: MINIWATT S.A., Balmes 22, BARCELONA 7, Tei. 30163 12. 
Sweden: PH|LIPS KOMPONENTER A.B., Lidingovagen 50, S-11584 STOCKHOLM 27, Tel. 08/67 97 80. 
Switzerland: PHILIPS A.G., Elcoma Dept., Ailmendstrasse 140-142, CH-8027 ZURICH, Tel. 01488 22 11. 
Taiwan: PHILIPS TAIWAN LTD., 3rd FI., San Min Building, 57-1, Chung Shan N. Rd, Section 2, P.O. Box 22978, TAIPEI, Tel. (02)-5631717. 
Thailand: PHILIPS ELECTRICAL CQ. OF THAILAND LTD., 283 Silom Road, P.O. Box 961, BANGKOK, Te!. 2336330-9. 
Turkey: TURK PHILIPS TICARET A.S., EMET Department, Inonu Cad. No. 78-80. ISTANBUL, Tel. 4359 10. 
United Kingdom: MULLARD LTD., Mullard House, Torrington Place, LONDON WC1E 7HD, Tel. 01-580 6633. 
United States: (Active Devices & Materials) AMPEREX SALES CORP., Providence Pike, SLATERSVILLE, R.!. 02876, Tel. (401) 762-9000. 

(Passive Devices) MEPCO/ELECTRA INC., Columbia Rd., MORRISTOWN, N.J. 07960, Tel. (201)539-2000. 

(Passive Devices & Electromechanical Devices) CENTRALAB INC., 5855 N. Glen Park Rd., MILWAUKEE, Wi 53201, Tel. (414)228-7380. 

(IC Products) SIGNETICS CORPORATION, 811 East Arques Avenue, SUNNYVALE, California 94086, Tel. (408) 739-7700. 
Uruguay: LUZILECTRON S.A., Avda Uruguay 1287, P.O. Box 907, MONTEVIGCEO, Tel. 914321. &S 
Venezuela: IND. VENEZOLANAS PHILIPS S.A., Elcoma Dept., A. Ppal de jos Ruices, Edif. Centro Colgate, CARACAS, Tel. 36.05 11. 


For all other countries apply to: Philips Electronic Components and Materials Division, Corporate Relations & Projects, Building BAE3, 
5600 MD EINDHOVEN, THE NETHERLANDS, Tel. (040) 7233 04, Telex 35000. 
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